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The  navigator* a  (or  "bo**")  compartment  difrost  system  configuration  of  the 
first  16  production  Airplanes,  ss  represented  by  ths  first  production  HE- 
ATE  AF  51-5258,  has  been  flight  tsstsd  as  propossd  by  Wichita  Flight  Tast 
Proposal  Xo.  352  (Reference  9).  Ths  flight  tests  of  ths  navigator's  and 
camera  compartment  defrosting  systems  vara  conducted  simultaneously  in  ao~ 
cordanc#  with  ths  outline  for  Flight  Tast  WFT-0-709C  (Reference  4)*  except 
for  those  deviations  listed  in  Flight  Test  Plank  Conferences and  Data  Docu- 
nent  RB-47E  airplane  AT  51-5258,  VD-13564,  (Insert  2). 

4 

This  document  presents  an  analysis  of  the  navigator's  oompartmant,  defrost 
systesi  perfonaance  for  the  Airplanes  3/X  51-5258  through  51-5273  based 
on  the  results  of  WFT  709B.  Analysis  of  the  camara  coopartnent  defrosting 
system  is  presented  in  Reference  11. 

The  system.  Figure  1,  was  designed  to  provide  a  frost  and  fog-free  nose 
caaera  and  viewfinder  window  during  ell  conditions  of  steady  and  transient 
state  flight.  The  nose  oover  and  seen  windows  were  designed  with  marginal 
protection  during  a  transient  state  flight.  Defrosting  protection  is  pro^ty 
ed  by  directing  a  hot  air  jet  across  the  outside  surface  of  the  nose  oamerev'-> 
end  viewfinder  windows  and  acrose  tha  inside  surface  of  the  nose  cover  and/'’ 
both  scan  windows;  Additions!  protection  is  provided  simultaneously  with* 
outside  defrosting  for  the  nose  omwra  and  viewfinder  windows  by  passing 
recirculated  oabin  air  over  the  inside  surfaces.  The  recirculated  navi¬ 
gator's  compartment  air  on  the  inside  surface  also  provides  increased  pro¬ 
tection  during  doors -open  operation.  Tha  design  was  based  on  atmospheric 
conditions  defined  by  Military  Specification  MIL-T-58A2A  (Reference  1). 

Evaluation  of  flight  teat  data  will  be  based  on  system  performance  for  two 
simulated  typical  photo  reconnaissance  missions t 
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(a)  High  altitude  photo  reoonn&iasanoe  at  40,000  ft.  combat  cruise 
proceeded  by  cruise  climb  (Mach.  2U)  to  target  area. 

(b)  Low  altitude  photo  reoonnaissanee  during  high  speed  dash  at 
1,000  feet  above  sea  level,  preceded  by  a  cruise  climb  (Mach. 
•74)  and  a  maximum  rata  descent  to  target  area. 


These  missions  are  considered  to  oover  the  most  critical  RB-47E  flight 
conditions  from  the  defrosting  standpoint. 
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The  navigator's  compartment  defrost  system  per  the  configuration  of 
RB-47E  airplane  AF  51-5258  is  marginal  in  providing  a  frost-free  nose 
camera  and  viewfinder  window  during  a  high  altitude  maximum  range  cruise 
photo-reconnaissance  mission.  The  system  will  satisfactorily  maintain 
the  nose  cover  and  both  scan  vdndows  free  from  frost  during  this  condi¬ 
tion.  The  system  is  deficient  at  the  start  of  a  low  altitude  mission 
which  is  preoeded  by  a  maximum  rate  descent  from  high  altitude.  Reooss- 
mendatlons  are  mad©  for  improvement  of  system  performance  during  this 
latter  condition.  It  is  believed  these  ohangee  will  also  provide  addi¬ 
tional  protection  against  frost  during  the  high  altitude  photo-mission* 

The  temperature  control  system  functioned  satisfactorily  whenever  the  de¬ 
frost  system  operation  was  free  from  malfunctions  of  other  components  of 
the  defrosting  system.  The  modulation  valve  operation  wa3  stable  during 
all  normal  defrosting  system  operating  conditions.  The  control  system 
that  close©  the  modulation  valve  when  both  cover  doors  are  open,  failed  to 
operate  satisfactorily.  The  only  major  indications  of  control  temperature 
fluctuations  and/or  modulation  valve  hunting  were  experienced  as  the  result 
of  the  failure  of  the  control  system  to  close  the  modulation  valve  during 
doors  open  operations  according  to  the  system  design.  Defrost  blower 
operation  was  satisfactory  at  high  altitude  but  was  erratio  during  low  alti¬ 
tude  conditions.  The  erratic  condition  is  attributed  to  the  fluctuations 
in  bleed  airflow.  All  other  system  components  appeared  to  have  functioned 
satisfactorily. 
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The  navigator's  compartment (nose)  defrost  syate*  of  the  first  production 
RB-47E  vat  in  aooordance  to  Boeing  installation  drawing  5-45626,  Ref- 
erenoe  13,  as  applicable  to  airplane  AF  51-5256  and  is  shown  iaometric- 
ally  in  Figure  1  and  schematically  in  Figure  2,  This  system  provides 
hot  air  for  defrosting  the  outside  of  the  nose  camera  and  viewfinder 
windows,  and  cabin  air  for  ventilating  the  nose  camera  and  defogging 
the  inside  of  the  nose  camera  and  viewfinder  windows*  Hot  air  may  also 
be  bled  from  the  system  for  defrosting  the  inside  surfaces  of  the  nose 
cover  window  and  observer's  scan  windows*  When  the  nose  compartment  de¬ 
frost  system  is  "OX",  the  nose  defrost  blower  forces  cabin  air  through 
a  duct  which  mixes  part  of  the  blower  air  with  bleed  air  fror  engines  1, 
2,  and  3*  The  t ampere ture  of  the  resultant  nixed  air  is  automatically 
regulated  to  160  ±  5*F  by  a  tmsparature  oontrol  system*  The  rest  of  the 
blower  air  is  circulated  through  a  duct  supplying  the  inside  defrost 
system  for  the  viewfinder  and  forward  oblique  camera  window  and  ventila¬ 
tion  for  the  camera*  The  temperature  of  the  recirculated  air  is  at  cabir 
temperature  plus  blower  rise* 

To  protect  against  Improper  160*F  temperature  sensing  at  low  altitudes 
when  both  doors  are  open,  the  engine  bleed  air  supply  is  shut  off  during 
the  condition  when  both  door*  are  open*  This  is  accomplished  by  auto¬ 
matically  closing  the  modulation  valve*  In  addition  check  valves  are 
included  in  the  outside  defrost  lines  to  prevent  reverse  flow  during 
doors -open  operation*  Reverse  flow  would  occur  only  when  ram  pressure 
rise  exceeds  cabin  to  atmosphere  pressure  differential,  principally  at 
low  altitude  or  during  umpressurlsad  flight. 

The  heated  air  defrosting  system  may  be  considered  as  a  combined  "inside" 
and  "outsida"  system.  The  "inside"  heated  air  passes  over  the  inner 
surfaces  of  the  two  soan  windows  and  the  nose  cover  window*  The  "out¬ 
side"  heated  air  passes  over  the  outer  surfaces  of  the  windows  covered 
by  earners,  window  doors*  This?  air  must  necessarily  pass  from  the  pres¬ 
surised  compartment  to  the  unpressurised  space  between  the  camera  win¬ 
dow!  and  the  oover  doors*  Additional  kinetic  energy  over  that  supplied 
by  tha  blower  and  tha  angina  bleed  air  is  supplied  to  the  outside  de¬ 
frosting  air  due  to  cabin  pressure  differential  above  5000  feet  altitude. 
This  additional  energy  aids  in  maintaining  a  high  valocity  of  defrosting 
air  over  the  outside  surfaces  of  the  nose  camera  and  viewfinder  windows* 
A  venturi  is  placed  in  the  duct  supplying  these  two  windows  to  limit  ths 
flow  of  air  from  the  pressurised  compartment.  The  venturi  was  selected 
as  a  flow  limiter  because  of  its  low  pressure  head  loss  characteristics 
which  is  desirably  at  low  altitudes  when  the  cabin  pressure  differential 
is  low  or  sero*  The  defrosting  air,  after  passing  over  the  outer  sur^* 
faces  of  the  two  Windows,  is  exhausted  overboard* 
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An  ON-OFF  valve  ii  located  at  tht  navigator1 «  station  in  tha  Inside 
haatad  air  duct  supplying  tha  scan  and  noaa  cover  windows  in  ordar  that 
thin  haatad  air  being  dumped  into  tha  compartment  may  ba  shut  off  whan 
unde si rad.  This  valve  does  not  stop  tha  flow  of  haatad  air  passing  through 
tha  vanturi  to  the  outside  defrosting  system  of  the  nose  camera  and  view¬ 
finder  window*. 

'  An  overheat  thermal  switch  sat  at  190  *F  is  located  in  the  defrosting  mixed 
air  (16o*F)  duct  to  provide  protection  on  overheat  condition*.  Actuation 
ofMtMs  switch  on  overheat  will  c  lose  the  safety  valve  in  the  engine  bleed  - 
line  and  will  actuate  the  "Defrost  Failure*  light  on  the  navigator's  con¬ 
trol  panel.  Another  overheat  thermal  switch,  eat  at  190  *F,  is  located  on 
tha  outlet  of  tha  blower.  If  there  should  be  hot  air  reverse  flow  through 
the  blower  (blower  failure) ,  actuation  of  this  thermal  switch  closes  the 
safety  valve  and  lights  the  "Defrost  Failure"  light  at  the  navigator's 
station. 

It  should  be  noted  that  the  navigator's  compartment  defrost  system  config¬ 
uration  tested  in  RB-47S  airplane  AF  51-5258  is  completely  representative 
of  the  first  16  production  KB-4715  airplanes  (S/N  51-5258  through  51-5273) 
and  basically  represents  ell  RB-47E  configurations.  The  navigator's  com¬ 
partment  defrost  system  of  airplanes  S/N  51-5274  and  on  differ  from  the 
test  configuration  in  that  the  defrosting  lines  to  the  soan  windows  have 
bean  increased  from  0.5"  Dia.  (BAC  drawing  5-48685)  to  0.75"  Dia.  (BAC 
drawing  5-54189).  In  addition  beginning  with  unit  115,  S/N  52-747,  and  on 
a  shutoff  valve  has  been  added  upatream  of  the  flow  limiting  vanturi  to 
prevent  loss  of  cabin  air  overboard  during  pressurised  flight  when  the  de¬ 
frost  system  is  turned  off. 

B.  Cabin  Air  Conditioning  System 

S 

The  cabin  air  conditioning  system  installed  in  RB-h7E  airplane  AF -51-5258 
is  a  modification  of  the  production  system  for  the  first  19b  RB«h7E  air¬ 
planes,  S/N  5l-52$8  through  52-781,  in  that  a  moisture  separator  installation 
with  an  experimental  35  *F  control  system  was  installed.  The  oabin  air  con¬ 
ditioning  system  including  the  moisture  separator  installation  with  the  ex¬ 
perimental  control  system  is  shown  schematically  in  Figure  2A»  The  moisture 
separator  installation  configuration  is  identical  to  BAC  Drawing  5-60798, 
Reference  5,  with  exception  of  the  35*F  control  system  and  the  moisture 
separator  by-pass  valve.  The  35 *F  control  system  was  an  electronic  type 
instead  of  the  pneumatic  type  shown  on  BAC  Drawing  5-60798,  Reference  5. 

This  electronic  control  system  consisted  of  a  BAC  Specification  10-1078 
electrically  operated  valve  for  use  as  the  turbine  by -pees  modulating  valve, 
an  A  ‘ AiJUaearcTi  33500-10.  35  *F  temperature  sensor,  aniah-AlResearch  30058-17 
electronic  temperature  regulator.  Tha  function  of  these  components  of  the 
electronic  water  separator  temperature  control  is  to  by-pass  a  sufficient 
quantity  of  warm  bleed  air  from  downstream  of  the  pooling  unit  heatoesechangcr 
and  mix  it  with  the  turbine  discharge  cold  air  so  as  to  maintain  a  package 
discharge  temperature  of  35  i  27  at  all  airplane  altitudes  from  see  level 
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to  approximately  25,000  foot* 


Th*  Boeing  9-ky&99  water  separator  bypass  valve  assembly,  Referaooe  6,  a* 
need  in  the  flight  test  air plane, wee  modified  to  include  an  experimental 
Boeing-designed  alualnum  actuating  pistee  with  an  *0*-r±ne  pressure  seel* 
This  piston  configuration  replaced  the  Teflon  piston  originally  installed  , 
in  this  valve*  The  function  of  this  reive  is  to  ty-pass  the  cooling  Unit  - 
discharge  air  around  the  moisture  separator  at  airplane  Altitudes  abort  - 
25,000  feet  ee  whenever  a  pressure  differential  across  the  moisture  separ¬ 
ator  ic  reached  above  which  possible  damage  to  the  separator  and/or  duet 
system  could  occur*  f 

t„ 1 

The  RB-ii7B  cabin  air  conditioning  system  in  general  was  the  earns, component 
and  operational-wise*  *s  that  of  the  B-&7S  airplanes  prior  to  the  install*- 
tion  of  BCP  1271  and  ECP  1855-2.  Consequently,  the  navigator's  air  outlets 
and  selector  reive  woe  not  revised  nor  was  the  1500-watt  electrical,  heater 
in  the  lower  outlet  or  the  navigator9#*  ineulated  floor  installed* 
these  changes  will  eventually  be  Incorporated  on  all  BB~h71  airplane# 

(unit  1  through  2U0>, 
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tjb*'£titil  .gator’s  coapartmant  defrost  system  was  instrumented  according  to 
the  flight  Yfft  Qatlime  (Befe reno*  4)  and  the  location  of  instrumentation 
,i«  shown  schematically  in  Figure  1*  Complete  detail*  such  as  specific 
'  locations »  typf  of  pickup* and  indicating  inatrumaataara  given  in  Flight 
Taat  Instnemntation  Doaxmmnt  WD-13563,  tnsart  1,  and  Tlguras  41  through 
•;53»..  in  ganaral,  however#  all  flow  msasuraamnis  war*  baaed  on  indicated 
gtatls  and  velocity  >  pressure  * •  Static  pressures  were  measured  by  frandtl 
type  pickup*  and  velocity,  pressures  were  obtained  by  the  differential 
between  a  Frsndtl  statio  kvM  and  a  .venturi-type  total  pweaur#  pickup. 
Frasseras,  airspasd,  angina  RFK,  voltage#  amperes,  valve  position,  etc., 
vara  recorded  simultaneously  by  a  photoreeorder  which  was  aat  at  a 
predetermined  frequency*  The  temperatures  (thermocouple-type  piokups) 
ward  recorded  on  a  Brown  rsoorder  on  a  one-per-sesond  oyoling  basie. 

t  ■*  * 

:  The  location  of  tha  temperature  in stnseentatl on  on  the  window  surfaces 
ie  afcotm  in  Figures  4$, >49,  52  ard  53.  Tha  wall  taapsrature  tharmoacupla 
loaetiens  art  shown  id  llgures  47,  it#  and  51. '  Pact  line  and  alee-  •  . 
silane ous  pressure  and1  temperature*  instrumentation  locations  are.  shown  ;  •  : 
in  Fipres  41  to  45  iaclmeiva.  Additional  details  o Gearing  the  remain-  . 
log  flight  teat  instrtasmtati on  are*  included  In  Insert  1* 

Navigator’s  oomparWnt  haaidlty  was  measured  by  a  fan-type  payehrometor  , 
and  feeotded  by  os«illagra|b*  The  peychfoeeter  if  shown  in  BW-1041QA, 
Inaert  1,  SVite  lasetiSu’in  tha  navigator**  sompsrtmsnt.  Th#  general 
Configuration  of  tha  payshreustar  is  shows  in  VD-0282<>,  pages  150-2 
sad- 150-7,  Infert  3*  '  *-'* 

V  v  ’  i  *  •  * 

4-4  Csaarfe  were  located' and  f caused  on  the  window  surfaces  in  order  to 
obtain  photographs  of  the  wind  owe1  whan  fogging  and  frosting  was  anticipated 
or  observed*  '  ?  ,  .  -  •; 

,  4  calibration  .epjrva  of  th*..  outside  dafroat  Venturi  is  aontalnad  in  this. 

'  report  aa  Zneant  4.  , 
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The  navigator's  compartment  defrosting  was  designed  so  that  the  provision 
for  defrosting  the  camera  and  viewfinder  windows  will  fulfill  the  require¬ 
ments  of  MII/-T-5342A  (Reference  1).  All  other  windows  in  the  navigator's 
compartment  were  designed  somewhat  marginal  in  terms  of  MIL-T-5S42A.  The 
basic  requirements  are  as  follows* 

•> 

1.  The  system  must  be  capable  of  providing  frost  and  fog-free  sur¬ 
faces  during  steady  state  conditions, 

2.  The  system  must  be  capable  of  providing  frost  and  fog-free  sur¬ 
faces  during  transient  state  conditions. 

The  surfaces  are  maintained  frost  and  fog-free  by  keeping  the  surface  t 
temperatures  above  the  dew-point  temperature  of  the  surrounding  air* 

Figure  3  shows  the  ambient  temperature  variation  with  altitude  for  the 
transient  and  steady  state  specified  in  MIL-T-5342A.  The  ambient  air  is 
considered  10Q&  saturated  at  all  altitudes  and  temperatures  and  therefore, 
the  curve  in  Figure  3  also  represents  the  ambient  dew-point  temperature 
curve.  At  altitudes  in  excess  of  35,000  feet,  the  moisture  separator  is 
^Inoperative  and  consequently  the  cabin  compartment  dew-point  will  be 
greater  than  ambient  due  to  the  moisture  added  by  the  crew  members,  which 
is  to  be  considered  as  0.5  lbs  of  H2O  per  hour  per  occupant,  as  specified 
in  2CEL-T-5S42A.  The  defrost  system  analysis,  D-12207,  does. not  specify 
a  design  dew  point  for  the  cabin  but  instead  provides  for  a  window  surface 
temperature  of  10°F. 

The  operational  requirements  set  forth  in  Reference  1  are  as  follows* 

1.  The  defrosting  and  defogging  system  shall  be  effective  during  all 
conditions  of  flight,  including  the  following* 

(a)  During  flight  at  constant  altitudes  under  the  steady  state 
atmospheric  conditions  shown  in  Figure  3* 

*4* 

(b)  During  a  rapid  descent  from  altitude  (maximum  rate  of  descent 
at  limit  dive  speed  from  service  ceiling  to  sea  level  and 
rate  of  descent  at  recommended  descent  speed)  under  the  atmos¬ 
pheric  conditions  of  the  transient  temperature  variation,  as 
shown  in  figure  3. 

Military  Specification  MIL-T-5842A  does  not  specify  operational  or  en¬ 
vironmental  requirements  for  ground  operation  of  the  defrost  system. 
However,  it  is  desirable  to  have  clear  camera  window  surfaces  at  take-off 
•  time,  but  probably  not  absolutely  essential  because  there  would  be  con¬ 
siderable  time  from  take-off  to  usage  for  clearing  to  ooour.  It  will  be  .*■ 
attempted  to  show  what  ground  defrosting  protection  is  available  during 
environmental  condition  of  the  transient  day  at  sea  level,  that  is,  when 
the  ambient  temperature  is  85 °F  and  the  air  is  10055  saturated. 
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Tha  Sari  gator1  a  Compartment  Defrosting  System  flight  test  portion  of  tha 
VFT-709B  program  was  planned  to  provide* 

1,  Ground  checks  of  tha  navigator*  a  compartment  dafroat  system  and 
component*  functional -wiaa  and  racordad  ayatwa  ground  perform¬ 
ance. 

2.  Flight  evaluation  of  the  navigator* a  da fro a ting  syataa  operational- 
"  *  wise  and  record  ad  syataa  parforaanca  during  two  typical  RB  photo- 

raconnaiaaanca  missions t 

(a)  High  altitude  Photo-Reconnaissance  consisting  of  a  normal  rated 
constant  RFM  (96$)  climb  from  base  altitude  to  cruise  altitude; 
cruise  climb  (Mach  .74)  for  several  hours  to  target'  area  and 

a  25 -minute  combat  cruise  over  target  at  approximately  40,000 
Ft.  during  which  time  the  camera  doors  are  opened  for  the  last 
25  minutes  only. 

4 

(b)  Low  altitude  Photo -Reconnaissance  consisting  of  a  normal  rated 
oonstant  RFM  (96$)  climb  from  base  altitude  to  cruise  altitude; 
cruise  climb  (Mach  .74)  for  several  hours  to  target  area;  max¬ 
imum  rate,  minimum  idle,  gear  down  descent  to  1000  Ft.  above, 
target  area  (sea  level  target)  and  a  maximum  speed  (placard 
425  knots)  30  minute  dash  over  target  with  camera  doors  open 
during  the  first  25  jainutes  of  the  dash  only. 

**  + 

In  order  to  oomplete  both  typical  missions  on  one  test  flight  the  flight 
profile  was  planned  as  shown  in  Figure  4.  The  flight  from  "Take  off"  to 
the  end  of  the  1,000  Ft.  dash  represents  the  low  altitude  Photo  Recon¬ 
naissance  mission  while  the  rmaaindsr  of  the  flight  beginning  with  the 
climb  from  1,000  Ft.  to  cruise  altitude  represents  the  High  Altitude  Photo 
Reconnaissance  mission. 

Hie  RB-47E  Defrost  System  Test  Program,  WFT-709,  consisted  of  the  follow¬ 
ing  tests* 
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5-3 

12-30-53 

Ground  Test 

Cabin  and  Camera  Compartment 
defrosting  system  check 

5“S 

1-4-54 

Ground  Test 

Cabin  and  Camera  Compartment 
defrosting  system  check 
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6-1 

1-22-54 

Cfaaak  Out  Plight 

aaWh  ana  cmmma  Cfl*Bti*t**d 

Inatrunantation  Chad*  Out  and 
Airplana  chaak  out  flight 

9-1 

3-9*54 

Plight  Taat 

Cabin  and  C  Maura  Caupartnant 
Befroatlng  Sgratan  taat 

9—2 

4-27-54 

Flight  Taat 

,•  v 

Cabin  and  Canara  Con gaurtnant . 
Dafroating  Srataat  tact 

9-3 

4-29-54 

Plight  Taat 

*■ 

Cabin  and  Cuaara  Caapartnant 
Dafroating  Sgnrtaat  Taat 
aborted  dua  to  nalftmatian  af 
oabin  air  conditioning  agnata* 

9-4 

5-4-54 

Plight  Taat 

Cabin  and  C— era  Coupartnant 
Dafroating  Sgratan  tairt 

FifiirM  4»  6  and  8  show  profilaa  of  flight*  9-1,  9-2  and  9-4,  and  iadioata 
ifcftt  airjOana  configuration*  imn  ohaohad  during  aaeh  flight  aondltla*. 
flight  9-3  wi  an  aborted  flight  and  la  tharafoara  not  inaludad,  % 

Flight*  9-2  tod  9-4  vara  rapatitioo  of  flight  9-1  and  vara  eoniuotad  in 
an  attaupt  to  aooaaplith  all  tha  condition*  of  tfca  "Plan  of  that"  9-1* 
Inaart  2,  without  alrplana,  aquipuant^or  in* tnaMotatioa  anlfunotion*  , 


,  *u‘ 


ftCVISC*  I  OATS 


PUX  or  TfSTC 


BOEING  AIRPLANE  COMPANY 

SICMITA  9IVISISN  »(CHITA  1 


V (CHITA  I.  KANSAS 


CONTRACT  NO; 


:> 


’  -St  '  Y 


<  ;5 


•  tj  , 


Referenca  4.  "Outtina  forFlight  Teat  VFT-709”  sptcifiea  the  flight  and 
g^  teat  procadure  and  requeeted  the  following  data* 

'  '  >  r*  '  '  '  -*  •  :  i 

1.  Ateoapherlo  condition*  in  vicinity  Of  flight  teat. 

CaWn  preeaure  (altitude)*  ,  : 

*’i:-  3.  feaperaturea  and  praaaurea  par  instrumentation  ahemn  in  Figure 

'  ■  %  '  : 

v*  *•  I 

.  »  *  V  .  t 

*  ;  4*  K&gine  power  settings# 

5*  Cabin  humidity* 

l  *  •  1  ‘  fc«  * 

%‘6*  Voltage  and  currant  for,  thfvneae  defrost  blower. 

*A  v  •’  ’  ‘  '  •  ■ » 

70  indioatad  airapaad.  .* 

•*  *  >'  *  • 

8«  pieturaa  of  -window#  during  flight*  } 

9*  Craw  oommmats  on  systam  operation  s 
10.  Modulation  waive  and  dafroat  ehock  waive  poeition. 


'  '  :  The  purpose  af  tho  ground  taata  waa  to  (1)  functional  check  the  system 

*  in  accordance  with  Section  06.1500 .of  Boeing, do cwt  IWTOO  -  Func- 
‘  /  v  *  *  "tibnel  Teat  "Kdqudrimenta  d5  Procedures  (B-47)  and  (2)  check  ground 

•  1  operation  performance  of  the  systea,  lha  detailed  plane  art  given  in 
V  Reference  (4)  but  baaioally  the  ground  test  oonaiatad  of* 

,  ’  1*,  Syataai  ^stabilisation  time  -at  75*  RPM  (25  to  30  pal  Weed  air 
praiturt)*  9fJ 

2«  Check  of  rarversa  flow  through  blower# 

3#  Systam  stabilisation  tine  at  96*  RPM  (approximately  50  pai  bleed 

pressure) . 

•  . 

4#  Check  of  the  affect  of  transient  engine  power  changea  on  the 
defrosstj  aystam# 

B.  IL1QHT  TESTS. 

The  purpose  of  the  flight  taata  waa  to  verify  the  navigator* a  conpart- 
s  sent  dafroat  system  performance  during  high  altitude  steady  atate  and 
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transient  state  environmental  condition*  as  required  per  MIL-T-5842A. 
The**  condition*  are  the  most  critical  from  the  standpoint  of  system 
performance.  The  original  flight  test  plan  was  to  simulate  a  high 
altitude  photo  mission  first  and  then  simulate  a  low  altitude  high 
speed  photo  mission.  However,  the  flight  test  plan  as  outlined  in 
Reference  4  and  as  presented  in  "Plan  of  Test1'  9-1  of  insert  2,  was 
altered  somewhat  because  at  the  time  of  test,  weather  conditions  in 
the  Wichita  area  were  not  conducive  to  frosting  so  the  following  sec¬ 
ondary  plan  was  usedi 

1.  Climb  to  maximum  range  cruise  altitude  at  normal  rated  climb 
with  camera  window  cover  doors  closed. 

2.  Haxiaum  range  cruise  condition  (cruise  climb  88 %  RFM  Mach  .74). 

(a)  Cold  soak  for  approximately  one  and  one-half  hours  after 
leveling  off  at  cruise  altitude. 

3.  Maximum  rate  Mgear  down”  minimum  idle  .descent  to  approximately  1,000 
feet  above  surrounding  terrain  with. all  doors  dosed. 

4.  Maximum  speed  dash  at  425  knots  IAS  at  1,000  feet  above  terrain  for 
approximately  twenty-five  minutes. 

(a)  Camera  window  doors  open  for  first  fifteen  minutes  of 
maximum  speed  dash. 

(b)  Camera  doors  dosed  for  remaining  ten  minutes  of  low  alti¬ 
tude  daeho 

5.  Normal  rated  olimb  to  oruise  altitude.  Approximately  one  and  one- 
half  hours  after  reaching  cruise  altitude,  open  doors  for  twenty- 
five  minutes  to  simulate  high  altitude  photo  mission. 

6.  Descent  for  landing. 

Actual  flight  profiles  accomplished  according  to  the  secondary  plan  are  * 
shown  In  Figures  4,  6, and  8. 
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DESCRIPTION  OF  ACTUAL  STtMM)  HST3  . 

Tart  M 

this  test  was  aborted  because  of  a  earners  compartment  overheat  indication 
during  the  transient  power  ohange  condition. 

ftat-fai 

Th*  navigator's  comportment  defrost  system  waB  ground  tested  aooordlng  to 
poragraph  0-1  of  the  Flight  Teat  Outline,  Reference  4,  and  was  recorded  as 
test  5-4  on  4  January  1954.  The  CAT  during  the  test  was  53  ♦  3*F.  4 
detailed  plan  of  test  is  given  in  Insert  2  -  Test  Ho.  5. 

The  system  was  functional  tested  in  accordance  with  3eotion  06,1500  of 
Boeing  Document  D-9700  to  insure  satisfactory  operation  of  system  com¬ 
ponents. 

The  actual  ground  test  was  run  aooordlng  to  plan  except  as  noted  in  the 
following  paragraph.  Engine  #3  wa3  operated  at  approximately  7555  RPM  to 
maintain  an  engine  bleed  pressure  of  25-30  pai.  The  time  for  stabiliza¬ 
tion  of  mixed  air  temperature  was  recorded.  Reverse  flow  through  the 
blower  was  ohocked  by  observation.  The  engine  R?M  was  increased  to  approxi¬ 
mately  96$  RFM  or  an  engine  bleed  pressure  of  60  psi.  The  effect  of  tran¬ 
sient  engine  power  ohange  on  the  defrost  system  and  mixed  air  temperature 
stabilization  time  was  noted.  The  engine  RFM  was  maintained  at  96$  for  15 
minutes.  The  aabin  air  conditioning  system  was  operative  and  maintained 
the  oabin  temperature  at  approximately  80°F  during  the  test. 

*i  the  process  of  evaluation  of  the  final  ground  and  flight  test  data  it 
was  revealed  thit  the  nose  camera  and  viewfinder  window  cover  doors  were 
inadvertently  opened  during  ground  test  5—4.  A  simultaneous  malfunction 
of  the  navigator's  defrosting  system  electrical  oontrol  system  permitted 
the  modulation  valve  to  remain  open  and  modulate  instead  of  closing  as 
designed.  The  apparent  malfunction  could  be  attributed  to  deficient  limit 
switches  in  the  cover  doors  circuit.  However,  since  this  malfunction  was 
not  evident  until  after  the  completion  of  the  flight  test  program  no 
investigation  of  this  matter  during  the  testing  period  was  accomplished. 
This  matter  is  disousaed  later  in  the  report. 
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This  test  was  oonducted  on  9  March  1954*  The  Gulf  Coast  region  be¬ 
tween  Louisiana  and  Texas  had  weather  conditions  conducive  to  frost¬ 
ing  so  the  maximum  rate  descant  and  subsequent  high  speed  dash  ware 
made  in  the  vicinity  of  Lake  Charles,  Louisiana. 

1.  Teat  Environmental  Conditions* 

Ambient  temperature  and  relative  humidity  variation  with  altitude 
at  lake  Charles  is  shown  in  Figure  4.  The  ambient  teeparatura 
variation,  as  compared  to  a  design  day  per  MIWC-58424,  is  shown 
,  in  Figure  10.  This  information  is  based  on  Radiosonde  data  frail 
the  USAF  Weather  Station  at  Lake  Charles,  Louisiana# 

2.  Performance  of  Teat* 

] 

Reference  7,  Flight  Test  Activities  Report  gives  e  detailed  d«~  ! 

scription  of  the  test.  Except  for  the  following,  the  flight  i«a« 
basically  accomplished  per  Insert  2  -  Test  So.  9,  end  the  dsvia- 
f  tion  noted  in  the  "Outline  of  Flight  and  Ground  Tests"  section 
of  this  document* 

•  • 

(a)  The  high  speed  dash  at  low  altitude  Whs  delayed  approxi¬ 
mately  10  minutes  due  to  a  malfunction  in  the  forward  land¬ 
ing  gear  retraction  mechanism.  The  flight  profile  is  shown 
in  Figure  4. 

3.  Data  Obtained* 

The  bar  graph  in  Figure  5  gives  the  data  rsqorded  versus  tine* 
Photographs  of  the  nose  camera  window  during  the  simulated 
high  altitude  photo  mission  vers  not  taken  because  the  time  de¬ 
lay  in  trying  to  retract  the  gear  at  low  altitude  was  of  suffi¬ 
cient  duration  to  use  all  the  film.  The  pictures  that  were 
taken  at  low  altitude  were  not  of  sufficient  quality  that  would 
enable  determination  of  frost  or  fog  and  therefore  are  not  don— , 
tained  herein. 

Boeing  Document  VD-13564,  "Blight  Test,  Plans,  Conferences  and 
Data"  contains  the  tabulated  temperature  and  preaeure  data  am 
well  as  a  record  of  the  post  flight  conference. 
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This  test  was  conducted  on  27  April  1954  in  a  region  of  high  himddity 
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near  Galveston,  Texaa.  The  aasdwum  rate  descent  was  made  in  the  Corpus 
Christ!  and  Galveston  vicinity  hut  is  referred  to  as  the  descent  at 
Corpus  Christi  since  Radiosonde  data  was  obtained  from  this  station* 

1*  Test  Environmental  Conditions* 

.  Radiosonde  data  for  several  stations  along  the  flight  profile  are 
shown  in  Figure  6  and  it  can  be  noted  that  humidity  conditions  in 
the  descent  region  are  quite  high.  Figure  10  is  a  comparison  of 
the  test  ambient  condition  to  the  design  day  of  MIL-T-5842A. 

2o  Performance  of  Test* 

A  detailed  description  of  the  test  is  contained  in  Flight  Test  Ac¬ 
tivity  Report,  Reference  7*  Due  to  a  malfunction  of  the  gear  re¬ 
tracting  mechanism  the  low  altitude,  high  speed  dash  was  aborted  as 
shown  in  Figure  6,  However,  the  high  altitude  photo-mission  was 
simulated  as  shown  in  Figure  6. 

3*  Data  Obtained* 

Figure  7  shows  the  time  and  type  of  data  obtained  during  test  9-2* 
Due  to  a  malfunction  of  the  forward  oblique  camera,  pictures  of 
the  nose  window  are  not  available* 


1.  Performance  of  Test* 

This  flight  was  aborted  during  the  Initial  high  altitude  cold  soak 
due  to  a  malfunction  in  the  cabin  air  conditioning  system.  Details 
concerning  operation  of  the  air  conditioning  system  are  presented 
on  Page  23  of  Boeing  Document  >©-13400-29  "Flight  Test  Activities 
Report"  Reference  8. 

2*  Date.  Obtained* 

No  useful  Defrosting  Systmn  data  Was  recorded* 

VvJini&A 

The  descent  for  the  final  defrost  test  was  made  near  Tampa,  Florida 
in  a  region  of  ambient-  conditions  conducive  to  frost  or  fog.  The 
flight  pattern  is  shown  on  Page  23  of  Reference  7,  "Flight  Test  Ac¬ 
tivities  Report",  W-13400-41.  The  flight  profile  is  shown  in  Figure 

8. 

1.  Test  KnviromeE&al  Conditions* 

Radiosonde  ambient  conditions  from  the  USAF  Weather  Stations  along 
the  flight  path  are  shown  in  Figure  8,  The  relative  humidity  is 
quite  high  at  the  altitude  at  which  the  high  speed  dash  was  con¬ 
ducted*  Figure  10  shows  the  comparison  of  test  and  design  day 
ambient  conditions  for  the  descent. 
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2.  Performance  of  Test* 


Details  of  the  teat  are  In  the  "Flight  Test  Activity  Report" , 
WD-13400-41,  Reference  7.  Except  for  the  following,  the 
flight  was  basically  accomplished  per  Insert  2  -  Test  Mo.  9, 
and  the  deviation  noted  in  the  "Outline  of  Flight  and  Ground 
Test^* section  of  this  document* 

(a)  The  water  separator  was  inadvertently  left  in  the  OFF 
position  during  the  entire  flight. 

(b)  The  camera  doors  were  closed  for  the  first  ten  minutes  of 
the  maximum  speed  low  altitude  dash  and  open  for  the  last 
fifteen  minutes. 

3.  Data  Obtained* 

The  data  recorded  during  the  test  is  shown  in  Figure  9.  Du©  to 
a  malfunction  of  tha  Brown  recorder  only  a  limited  amount  of 
temperature  data  is  available  for  the  cabin.  Malfunction  of 
the  a-4  Camera  prevented  taking  any  pictures  of  the  nose  camera 
window. 

A  tabulation  of  data  recorded  plus  a  record  of  the  post  flight 
conference  is  contained  in  Boeing  Document  WD-13564,  "Flight 
Test  Plans,  Conferences  and  Data". 
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A*  Ground  Tests 

The  ground  test  outline  specifies  thut  the  defrost  system  operation  was  to 
b8  checked  with  the  cover  doors  closed.  Although  the  doors  were  inadvert¬ 
ently  left  open  during  the  test  an  apparent  malfunction  of  the  system  al¬ 
lowed  the  modulation  valve  to  open  or  cycle  when  it  should  have  been  closed. 

The  more  significant  results  of  ground  test  5-4  are  shown  in  Figure  11. 

The  results  of  the  ground  test  may  be  somewhat  inconclusive  in  that  it  ap¬ 
pears  insufficient  time  was  allowed  for  system  stabilization  at  74$  and  96$ 
RPM,  The  defrost  mixed  air  temperature  did  not  stabilize  during  either  of 
the  15  minute  runs  at  constant  power  settings.  At  74$  RPM  the  mixed  air 
reached  a  temperature  of  129 °F,  dropped  to  127 °F,  and  returned  to  129 °F  in 
a  period  of  3  minutes.  However,  approximately  8  minutes  later  the  mixed 
air  is  approximately  135 °F  and  still  rising  even  though  the  engirfe  RFM  is 
still  74$.  At  96$  RPM  the  mixed  air  reached  a  high  of  159 °F  .<nd  as  indicat¬ 
ed  the  modulation  valve  started  to  cycle  and  the  mixe^  air  temperature  was 
lowered.  However,  after  approximately  d  minutes  the  mixed  air  temperature 
was  152 °F  and  did  not  come  into  the  control  band  of  160  t  5°F  after  3  more 
minutes  of  operation  at  96$  RPM.  Of  more  significance  is  the  fact  that 
after  reaching  a  temperature  of  159 °F  the  mix^d  air  temperature  steadily 
declined  and  alter  approximately  10  ninutes  the  high  was  only  154°F  even 
though  the  engine  RPM  was  maintained  at  approximately  96$.  The  reason  for 
this  temperature  decline  can  be  attributed  to  the  fuct  that  the  modulation 
valve  "stabilized"  at  appro v imately  half  opc-n  instead  of  opening  further 
as  demanded  vy  the  decrease  in  •  ixed  air  temperature. 

The  nose  defrost  nyatam  design  is  such  that  the  nod’fLating  valve  will  auto¬ 
matically  close  when  both  cover  doors  ar  open  (camera  and  viewfinder). 
However,  as  noted  in  Fimre  11,  tne  modulating  valve  was  not  closed  when 
the  doors  were  open.  This  apparent  malfunction  is  1  elieved  to  result  from 
deficient  limit  switches.  At  any  rate,  the  system  did  not  perform  satisfac¬ 
torily  during  this  ground  test.  However,  no  adverse  hunting  of  the  modula¬ 
tion  valve  or  instability  of  the  temperature  control  system  was  evident 
during  or  as  the  result  of  either  transient  or  constant  power  conditions. 
Some  slight  modulation  of  the  bleed  air  modulation  valve  occurred  for 
approximately  3  minutes  following  trie  power  change  from  74$  to  95$,  Ref¬ 
erence  Figure  11. 

No  reverse  flow  through  the  defrost  blower  was  observed  at  any  time  during 
the  ground  t  ests. 

Since  the  viewfinder  and  nose  camera  doors  were  inadvertently  left  open,  the 
resulting  window  surface  temperatures  are  not  indicative  of  those  to  be  ex¬ 
pected  during  normal  ground  operations  with  the  cover  doors  closed.  There¬ 
fore,  no  evaluation  of  ground  frosting  protection  can  bo  made  for  the  view 
finder  and  camera  windows.  A3  far  as  the  windows  that  do  not  have  covers  at 
any  time  and  are  defrosted  by  air  over  the  inside  of  the  glass  are  concern¬ 
ed,  it  can  le  seen  from  Figure  11 A  that  the  average  temperature  of  the  nose 
cover  window  and  both  scan  windows  was  approximately  75 °F  with  an  OAT  of 
approximately  53 °F.  Therefore,  it  is  reasonable  to  expect  t';at  on  a  dosign 
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ig  the  design  temperature  per  MIL-T-5S4.2A, 

B.  FLIGHT  TESTS 

1.  Effect  of  variables  on  System  Performance 

The  flight  tests  were  not  conducted  in  environmental  conditions  as  spec¬ 
ified  in  MIL-T-5U42A,  Reference  1,  and  therefore,  these  differences  rmutt 
be  examined  to  determine  the  effect  on  system  performance.  In  addition, 
the  airplane  was  not  flown  in  accordance  with  design  condition  of  speed, 
power  setting,  etc. 

The  differences  between  test  and  design  that  could  affect  system  perform¬ 
ance  are  as  follows: 

(a)  The  effect  of  ambient  temperature ’ on  temperature  distribution 
through  camera  windows. 

(b)  The  effect  of  airspeed,  power  setting  and  indicated  OAT  on  bleed 

air  temperature.  , 

(o)  The  affect  of  rate  of  descent  upon  glass  surface  temperature 
change  d'lring  descent. 

(d)  The  effect  of  ambient  moist'Are  content  on  cabin  dew-point  tempera- 
ture. 

A  discussion  of  the  first  three  variables  is  contained  in  Reference  11, 
WD-14016,  "Analysis  of  the  WFT  709  Flight  Test  of  the  RE-47E  Camera  Com¬ 
partment  Defrosting  System".  The  navigator  and  camera  oompartment  da- 
frost  system  tests  were  conducted  simultaneously  and  therefore  only  the 
conclusions  from  Reference  11  will  be  given  here:  “In  concluding  the 
discussion  of  the  variables  that  might  affect  the  performance  of  the 
system  it  can  be  said  that  although  there  were  in  sorte  cases  a  consider¬ 
able  difference  between  tost  and  design  conditions,  these  differences  are 
not  expected  to  cause  much  of  a  change  in  inside  surface  temperature. 
Therefor*-,  the  flight  tests  could  be  considered  typical  of  design  as  far 
as  the  glass  surface  temperatures  obtained  throughout  the  dasceat  are 
concerned".  Figure  12,  13  and  14  show  the  indicated  OAT  during  descent, 
descent  speeds  and  descent  time  obtained  during  the  flight  tests  versus 
design. 

A  discussion  of  the  fourth  variable,  ambient  moisture  content,  follows? 
The  compartment  wet  bulb  and  dry  bulb  temperatures  were  measured  during 
the  flight  test  with  the  intent  of  determining  tho  compartment  dew  point. 
However,  the  data  obtained  has  been  proved  unreliable.  Tho  instruments 
used  wo  ild  not  uccuratoly  measure  wet  bulb  temperatures  below  32  °F  and, 
in  addition,  pressure  or  altitude  variations  produced  erratic  results. 

The  flight  test  analysis  of  tho  camera  compartment  defrost  system, 
’.€>-14016,  Reference  11,  present*  a  very  detailed  explanation  of  the 
humidity  inntrjmentation  discrepancies  and  limitations,  which  were  sub¬ 
stantiated  by  extensive  laboratory  testing. 

Since  the  humidity  data  could  not  be  used,  a  method  of  estimating 
the  approximate  compartment  dew  point  was  determined,  as  shown  in 
Supplement  A.  The  defrost  specification  MIL-T-5842A,  Reference  1, 
requires  that  the  moisture  added  by  crew  members  in  an  occupied 
compartment  be  baaed  on  0.  '•  Ibs/hr,  per  occupant.  The  water  separator 
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is  inoperative  above  25,000  feet  so  the  moisture  content  above  this 
altitude  can  ba  considered  ambient  or  approximately  2  graina/lb 
dry  air,  plus  that  added  by  the  orew  members  •  To  determine  the 
specific  moisture  content  of  the  cabin  aiij  the  cabin  ventilation 
rate  must  be  known.  However,  since  the  ventilation  rate  was  not 
measured  in  the  defrosting  teats,, the  maximum  flow  through  the  flow 
,  control  valve  was  used  to  determine  the  dew  point*  based  on  the  max¬ 
imum  air  flow  into  the  cabin.  Using  the  maximum  flow  rate*  the 
calculated  compartment  dew  point  at  approximately  39,000  feet  was 
approximately  -5*?.  However,  the  moisture  addition  by  crew  members 
in  MIL- T~5 842A  was  perhaps  baaed  on  a  75*F  environmental  tempera¬ 
ture.  Since  the  navigator^  compartment  temperature  was  approximately 
40*F  during  high  altitude  it  is  believed  that  a  more  realistic 
figure  for  moisture  addition  would  be  approximately  900  grains/hr 
instead  of  3500  grain* /hr,  as  shown  on  Page  122  of  the  1955  Edition 
of  The  Heating,  Ventilating,  Air  Conditioning  Guide  (Reference  10). 

The  calculated  compartment  dew  point  using  this  revised  moisture 
addition  and  maximum  ventilation  rate  was  approximately  -9  *F  at 
39,000  feet. 

The  above  approach  is  most  optimistic, so  the  dew  point  was  determined 
by  using  the  minimum  airflow  required  to  maintain  cabin  pressuriza¬ 
tion  at  the  altitude  under  consideration.  The  calculated  dev  point 
for  moisture  addition  based  on  MIL-T-5842A  was  approximately  11  *F 
and  based  on  the  revised  moisture  addition  the  dev  point  was  approxi¬ 
mately  7T. 

The  following  is  a  tabulation  of  the  calculated  cabin  compartment  dew 
point  for  a  steady  state  flight  at  39,000  feet,  (Supplement  A)» 


2. 


DEW  POINT 

mtmwx 

-5 

-9 

11 

7 


VENTILATION 

RATE 

Maximum 

Maximum 

Minimum 

Minimum 


MOISTURE  ADDITION 
BASED  ON 

MIL-T-5842A 
Cold  Compartment 
MIL-T-5842A 
Cold  Compartment 


It  can  be  seen  that  the  window  surface  temperature  must  be  11  °P  or 
above  for  maximum  defrost  protection  during  a  high  altitude  photo 
misaion  (camera  doore  open).  The  design  inside  surface  temperature 
for  the  nose  camera  and  viewfinder  windows  is  10*?  as  shown  in  the 
design  analysis  D-12207  (Reference  2). 

System  Performance 

(s)  Window  Surface  Temperature 
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(1)  High  Altitude  Photo  Run,  Camara  Doors  Open 

The  design  inside  window  surface  temperature  vo.  the  lowest 
measured  values  during  the  simulated  high  altitude  photo 
missions  are  tabulated  below  as  shown  on  Figures  22,  23,  24 
and  25. 


Test  9-1 


Test  9-2 


WINDOW 


DESIGN 


Nose  Camera 
Viewfinder 
Nose  Cover 
r.H.  Scan 
L.H.  Scan 
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The  no3e  camera  and  viewfinder  window  inside  surface  temp¬ 
eratures  are  deficient  in  comparison  to  design.  A  design 
inside  surface  temperature  was  not  stipulated  for  the  nose 
cover  and  scan  windows  in  the  original  design  analysis 
D-12207  (Reference  l).  However,  as  oan  be  noted,  the  nose 
cover  and  scan  window  surface  temperatures  are  at  or  above 
the  design  surface  temperature  for  the  nose  camera  and  view¬ 
finder  window.  Referring  to  Firures  24  and  25  it  can  be 
noted  that  a  difference  of  approximately  40 °F  exists  between 
the  nixed  air  tamperaturos  for  test  9-1  and  9-2  (the  modu¬ 
lating  valve  closed  when  the  cover  doors  were  open  for  test 
9-2  and  consequently  the  mixed  air  temperature  deoreased). 

It  is  noted  that  the  nose  cover  and  scan  window  surface 
temperatures  were  slightly  lower,  approximately  5°F,  during 
test  9-1  than  during  test  9-2 .  This  is  pointed  out  since 
the  nixed  air  temperatures  during  9-1  were  considerably  high¬ 
er  than  during  9-2.  In  view  of  this,  all  other  variables 
affecting  these  surface  temperatures  were  evaluated  as  data 
permitted.  However,  due  to  the  nonexistence  of  air  flow 
data  to  these  windows  and  the  correlation  limitations  of 
other  flight  test  data  the  reason  for  the  possible  discrep¬ 
ancies  in  surface  temperatures  could  not  be  fully  determined. 

As  shown  in  Paragraph  P-1  of  "'Evaluation  of  Results"  the  cal¬ 
culate^  comportment  dew  point  varied  from  +11  °F  to  -9°F. 

It  would  appear  that  the  nose  camera  and  viewfinder  'windows 
should  frost  during  a  high  altitude  photographic  reconnais¬ 
sance  mirslon.  However,  it  will  be  revealed  in  subsequent 
discussion  that  all  windows  were  reported  clear.  Never-the- 
less,  the  defrost  system  is  considered  marginal  during  a 
high  altitude  photo  mission  since  the  window  surfaoe  tempera¬ 
tures  were  so  low. 

Steady  State  Maximum  Range  Cruise  Camera  Doors  Closed 
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The  following  tabulation  gives  the  design  inside  window 
surface  temperature  and  the  lowest  surface  temperature 
measured  just  prior  to  the  initial  descent  &3  shown  in 
Figures  15,  16,  19,  20  and  21. 


WIIttOW  >- 

INSIDE  SURFACE  TEMPERATURE  °F 

Design 

D-12207 

Test  9-1 

Test  9-2 

Nose  Camera 

80 

41 

37 

View  Finder 

60 

46 

45 

Nose  Cover 

20 

28 

34 

P.H.  Scan 

20 

22 

26 

L.  ?.  Scan 

20 

24 

24 

The  design  values  are  for 

an  altitude  of  45,000 

feet  while 

Test  9-1  was  at  approximately  3 SHOP  feet  and  Test  9-2  was 

at  approximately  37/00  feet. 

The  following  tabulation 

gives  the  inside  surface  tempera- 

tures  ju3t  prior  to  opening  the  camera  doors  during  the  high 

altitude  photo  run  at  approximately  39/00  feet 

as  shown  in 

Figures  22,  23, 

24  and  25 

• 

WINDOW 

INCUS  SURFACE  TPITSRAT'JRE  °F 

Test  9-1 

Test  9-2 

Nose  Camera 

32 

33 

Viewfinder 

39 

34 

Nose  Cover 

lo 

23 

R.H.  Scan 

10 

16 

L.'l.  Scan 

23 

22 

All  the  temperatures  a considerably  lower  at  this  altitude 
as  compared  to  the  previous  tabulation  of  temperatures  at 
35,000  feet  and  37,000  feet. 

In  both  cruise  conditions  for  the  same  flij ht  the  nose  camera 
and  viewfinder  windows  are  deficient  from  a  standpoint  of  sur¬ 
face  temperature  at  high  altitude.  It  is  also  apparent  that 
all  other  windows  are  either  marginal  or  deficient  at  45,000 
Ft.  in  terms  of  the  design  criteria. 

(b)  Mixed  Air  Temperature 

fa  The  nose  compartment  outside  defrost  system  was  designed  for  a 

nixed  air  temperature  at  the  defrost  outlet  of  160°F.  The  mixed 
*  air  temperature  at  the  defrpst  outlet  obtained  in  the  Flight  Tests 

was  approximately  50^  of  the  design  value.  The  mixed  air  tesnpera- 
4  turo  'ust  upstream  of  the  venturi  before,  during,  and  following 

•fl  tne  l o'w  level  hign  speed  dash  for  t<  st  v-i  unu  v-2  is  saown  in 

Figure  17.  The  several  factors  that  res  llted  in  the  deficient _ i 
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air  temperature  will  be  discussed  separately.  Due  to  the  lnooen 

plete  airflow  instrumentation  in  the  nose  ccsnpartment,  the  mixing 

ratio  of  bleed  air- to  blower  air -could  not  be  determined. 

(1)  Bleed  Air  Temperature 

The  original  design  analysis  D-12207  does  not  specify  an 
expected  or  design  bleed  air  temperature  at  the  nixing 
duct.  Although  the  engine  bleed  port  air  temperature  was 
not  measured  in  these  tests  it  is  believed  this  tempera¬ 
ture  was  design  or  better,  based  on  teat  data  for  similar 
days.  The  temperature  drop  from  the  bleed  port  to  the  de~ 
frosting  takeoff  duct  (figure  1,  T/C  46)  is  estimated  to  be 
approximately  60*F  as  compared  to  the  original  assumed  drop 
of  35 °F,  used  in  D-12207,  Reference  (2). 

The  bleed  air  temperature  drop  from  upstream  of  the  modulating 
valve  to  just  upstream  of  the  mixing  duct  is  shown  in  figure 
18.  This  temperature  drop  is  approximately  85  *F  for  Test  9-1, 
and  approximately  90  °F  for  Test  9-5,  during  the  maximum  range 
cruiBa  just  prior  to  the  initial  descent.  These  temperature! 
drops  are  approximately  30  percent  greater  than  the  anticipate 
ed  temperature  drop  as  shown  on  the  curve  on  Page  32  of  T- 
28288,  Reference  (3),  "performance  Teat  of  Craw  Compartment 
Defrosting  System".  Using  230  °T  for  Test  9-1  and  240 *W  for 
Test  9-2,  from  Figure  18  and  referring  to  the  curve  of  T -28288, 
Reference  (3),  the  temperature  drops  should  have  been  approxi¬ 
mately  64 *F  and  70  °F  respectively,  which  would  have  given  a 
bleed  air  temperature  into  the  mixing  duct  of  166 TF  for  9-1 
and  170 *F  for  9-2. 

The  curves  on  Figure  22  and  23  show  a  greater  drop  in  bleed 
air  temperature  during  the  high  altitude  photo  run.  A  typical 
example  from  Figure  22  is  a  bleed  air  temperature  upstream  of 
the  modulating  valve  of  214  *F  and  upstream  of  the  mixing  duct 
a  temperature  of  130  *F,  or  a  drop  of  84  °F  during  Test  9-1, 
Figure  23  shows  a  temperature  drop  from  226 *F  to  129  *F  or  97  *F 
during  Teet  9-2. 

(2)  Compartment  Temperature 

The  design  analysis  D-12207  assumed  the  navigator's  compart¬ 
ment  temperature  to  be  uniform  at  70 °F.  However,  as  shown  on 
Figure  26,  the  maximum  temperature  during  the  maximum  range 
cruise  condition  at  approximately  36,000  feet  was  only  53 *F 
at  the  navigator's  head  level  and  at  the  same  time  the  minima 
was  approximately  40  *F  in  the  vicinity  of  the  viewfinder  win¬ 
dow,  for  Test  9-lo  For  Test  9-2,  during  the  aaxlnaga  range 
cruise  condition  at  approximately  37,000  feet,  the  maximum  was 
38 °F,  Those  temperatures  are  indicative  of  the  compartment 
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temperature  obtained  for  the  RB-47E  since  similar  grad¬ 
ients  wer?  encountered  tilths  Air  Conditioning  Flight  Teat, 
WFT-708,  WD-L4014,  Reference  12,  reports  that  the  compart¬ 
ment  temperature  in  the  area  of  the  nose  camera  window  was 
lees  than  30*?  at  an  altitude  of  approximately  40,000  feet, 

(3)  Hixod  Air  Temperature  Drop 

* 

The  mixed  air  temperature  drop  from  the  temperature  control 
sensing  point  to  just  downstream  of  the  defrost  check 
valves  is  shown  in  Figure  15  and  16  during  the  maximum 
range  cruise  prior  to  the  initial  descent. 

The  total  temperature  drop  in  the  two  duct  systems  is  ap- 
^  •  proximately  equal  to  20  *F.  This  temperature  drop  is  ex¬ 
cessive  and. is  perhaps  the  result  of  leakage  around  the 
9-30139  transition  assembly  and  the  6-43907  air  check 
valves.  These  two  components  of  the  duct  system  are  dovn- 
*  stream  of  the  venturi  and  therefore  cabin  pressure  differ¬ 
ential  exists  across  these  parts.  Leakage  would  allow 
cabin  air  to  leak  into  the  _duct  system  and  consequently 
lower  the  mixed  air  temperature.  The  laboratory  test  of 
the  nose  defrost  system  as  reported  in  T-28288  revealed 
this  leakage  problem  and  recommended  the  necessary  design 
changes* 

* 

(e)  Recirculated  Cabin  Inside  Defrost  Air  Temperature 

The  navigator* s  compartment  defrost  system  was  originally  de¬ 
signed  to  have  "inside  defrosting"  as  shown  in  Reference  (2) 
D-12207,  only  when  both  camera  doors  were  open  or  when  the  camera 
ventilation  valve  was  actuated  by  the  camera  overheat  thermal 
switch.  However,  based  on  the  results  of  Reference  (3)  T-28288, 
the  camera  ventilation  valve  was  removed  since  blower  operation 
was  unstable  when  the  valve  was  dosed.  Therefore,  the  system  as 
flight  tested  was  essentially  a  combination  "inside"  and  "outside" 
defrost  system  since  airflow  was  directed  over  both  sides  of  the 
nobe  camera  and  viewfinder  windows.  The  "inside  defrosting"  and 
camera  ventilation  air  temperatures  before,  during,  and  following 
the  low  level  high  speed  dash  for  tests  9-1  and  9-2  are  shown  in 
Figure  27. 

The  "Inside  defrosting*  and  camera  ventilation  system  is  believed 
to  be  detrimental  to  the  overall  navigator's  compartment  defrost 
system  performance,  especially  during  high  altitude  flight  when 
the  average  cabin  temperature  is  approximately  40  *F.  However, 
with  a  oompartment  environmental  temperature  of  70  °F  or  above,  the 
recirculated  defrosting,  air  is  desirable,  due  to  the  higher  dew 
point  tesjperature  in  an  occupied  compartment  and  also  due  to  the 
limited  defrosting,  when  either  or  both  the  camera  and  viewfinder 
door  are  open,  A  slight  increase  in  window  surface  temperature 
may  be  obtained  since  the  higher  velocity  of  the  recirculated  air 
will  result  in  a  greater  film  coefficient  as  compared  to  stagnant 
or  still  air. 
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(d)  System  Airflow 

(1)  Vanturi  and  Bleed  Airflow 

The  venturi  and  bleed  airflow  are  approximately  equal  during 
a  steady  state  high  altitude  condition  ae  evidenced  by  Fig¬ 
ures  28  through  31.  The  bleed  air-flow  during  descent  and 
low  altitude  flight  cannot  be  determined  because  of  the  type 
of  flow  instrumentation  used,  but  it  can  be  noted  that  the 
modulating  valve  did  not  close  at  all  times  when  the  camera 
doors  were  opened,  as  shown  in  Figure  28,  30  and  32  which  are 
for  tests  9-1  and  9 -4.  However,  as  shown  on  Figure  31  the 
modulation  valve  closed  when  the  doors  were  open  for  the  high 
altitude  photo  run  of  teat  9-2,  and  the  modulating  valve  also 
dosed  during  the  high  altitude  photo  run  of  test  9-4.  Air¬ 
flow  data  could  not  be  determined  during  the  high  altitude 
photo  run  of  test  9-4  because  of  a  temperature  recorder  mal¬ 
function  and  consequently,  modulating  valve  position  was  not 
plotted.  Also,  as  can  be  noted  in  Figure  31,  sufficient  data 
was  not  obtained  to  allow  a  check  of  the  modulating  valve 
opening  and  closing  time.  It  is  also  noted  that  the  modulat¬ 
ing  valve  cycling  did  not  at  any  time  go  below  9.'>°  or  ap¬ 
proximately  half  closed.  However,  this  could  be  contributed 
to  the  inadequacy  of  the  instrument  used  to  record  the  valve 
position. 

(2)  Defrost  Airflow  from  tests  8-3  and  8-4  (VFT-708) 

Test  data  for  the  navigator’s  compartment  defrosting  system 
was  also  obtained  during  certain  teste  of  WFT-708  "Camera 
Compartment  Air  Conditioning  Flight  Test  of  RB-47E,  AF51-5258® 
During  test  8-3,  counter  numbers  2867  to  4867,  Figure^  the 
bleed  airflow  was  measured  with  the  navigator’s  manual  shut¬ 
off  valve  in  the  "OFF”  position.  The  bleed  airflow  was  also 
checked  during  test  8-4,  counter  numbers  10649  to  12599,  Fig¬ 
ure^  with  the  manual  shutoff  valve  in  the  "ON"  position. 

The  bleed  airflow  with  the  navigator's  manual  valve  in  the 
"OFF"  position  was  approximately  1.40  lbs/min  and  with  the 
valve  "ON"  the  airflow  was  approximately  1.36  lbs/min., 
therefore,  it  can  be  concluded  that  the  valve  position  has 
little  effect  on  bleed  air.  The  bleed  air  temperatures  at 
the  mixing  duct  were  approximately  the  same  as  those  obtained 
in  WFT-709  test  9-1.  The  bleed  air  temperature  drop  from  the 
defrost  duct  takeoff  to  the  mixing  duct  was  approximately 
37  *F  for  8-3  and  approximately  100 *F  for  8-4. 


The  temperature  drop  for  8-3  is  within  the  range  for  9-1 
and  9-2  but  the  temperature  drop  for  8-4  is  approximately 
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100*F.  The  extra  temperature  drop  for  8-1*  may  be  explained 
by  the  decrease  in  airflow. 

The  necessary  pressures  for  measuring  flow  through  the  ven¬ 
turi  in  teats  8-3  and  8-1*  were  obtained  but  unfortunately 
the  mixed  air  temperature  is  unavailable.  However,  based 
on  the  pressures, the  venturi  flow  can  be  estimated  to  be 
approximately  comparable  to  that  obtained  in  tests  9*1  and 
9-2. 

The  lack  of  mixed  air  temperature  for  the  above  eliminates 
determination  of  the  outside  defrost  air  temperature  that 
could  be  expected  with  the  navigator’s  manual  valve  in  the 
■OFF"  position. 

(3)  Blower  Airflow 

The  blower  airflow  for  the  three  tests  9-1,  9-2,  and  9-U  is 
shown  on  Figures  33  through  37.  The  airflow  was  determined 
for  the  steady  state  conditions  of  each  test  for  which  data 
was  available.  Test  9-1  is  the  only  test  which  had  complete 
data  for  the  maximum  range  cruise,  low  altitude  high  speed 
dash,  and  high  altitude  photo  run.  Test  9-2  data  was  avail¬ 
able  for  only  the  high  altitude  photo  run,  test  9-U  data  was 
^  available  for  only  the  low  altitude  high  speed  dash. 

The  blower  airflow  at  altitude  for  test  9-1  averaged  about 
9.5  lbs/min  at  27  volte  and  18.5  amps  as  noted  in  Figures 
33  and  35.  During  the  high  altitude  photo  run  of  test  9-2 
the  airflow  was  approximataly  11  lbs/min,  as  shown  in  Fig¬ 
ure  36,  but  this  could  be  explained  by  the  fact  that  the 
voltage  is  28  and  the  current  is  approximately  21  amps.  Fig¬ 
ures  3U  and  37  show  the  airflow  for  the  low  altitude  high 
speed  dash  during  test  9-1  and  9-U.  The  blower  operation  is 
quite  erratic  for  both  tests  but  9-U  shows  the  more  pronounced 
fluctuation.  1'ha  apparent  erratic  operation  of  the  blower 
is  believed  to  result  from  the  fluctuating  bleed  airflow 
which  is  shown  in  Figures  28  and  32.  The  method  of  determin¬ 
ing  the  blower  airflow  may  also  be  a  contributing  factor 
to  the  apparent  erratic  airflow.  Since  the  total  syatem  air¬ 
flow  was  not  measured,  the  blower  airflow  was  estimated  by 
means  of  relationship  of  blower  output  to  input  current.  This 
also  explains  the  reason  for  the  similarity  between  the  blower 
airflow  and  the  current  curves  in  Figures  3U  and  37. 

(e)  Temperature  Control  Sensor 

The  temperature  control  maintained  the  mixed  air  tqiiperature 
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at  a  maximum  of  170  °F  during  test  9-1,  and  a  maximum  of 
166  *F  during  test  9-4  as  shown  In  Figure  33,  The  control 
setting  of  160  i  5  °F  is  exceeded  but  only  by  a  slight  mar¬ 
gin  and  is  considered  to  have  operated  satisfactorily. 

The  system  design  is  such  that  the  modulating  valve  is  sup¬ 
posed  to  oloee  when  the  cover  doore  are  open.  However,  the 
modulating  valve  did  not  close  but  cycled  or  "hunted" .  Thla 
cycling  or  "hunting"  is  attributed  to  a  malfunction  of  the 
cover  door  limit  switches  and  accounts  for  the  temperature 
control  system  fluctuation  noticeable  during  test  9-4. 

(f)  Window  Frosting  and/or  Fogging 

An  attempt  to  photograph  windows  that  had  frost  and/or  fog 
was  unsuccessful  since  any  condensation  was  not  visible  or 
readily  distinguishable  as  such  on  the  finished  prints. 
Therefore,  the  flight  test  crew's  comments  during  the  post 
flight  conferences  are  the  only  tangible  evidence  available 
as  to  window  frosting  or  fogging  during  the  tests. 

(1)  Test  9-1 

The  initial  maximum  rate  descent  was  made  southwest  of 
Lake  Charles,  Louisiana,  The  pilot,  copilot, and  navi¬ 
gator  did  not  observe  or  could  not  be  sure  of  any  con¬ 
densation  on  any  window  during  the  letdown  or  during 
the  maximum  speed  run.  The  dew-point  temperature  at 
Lake  Charles  at  the  time  of  flight  was  69  *F.  A  mal¬ 
function  of  the  gear  retracting  system  necessitated  a 
ten-minute  period  of  M jockeying"  the  throttles  at  the 
low  altitude  before  beginning  the  maximum  speed  dash. 
This  could  have  a  bearing  on  why  no  condensation  was 
readily  observable  even  though  the  lowest  camera  or 
viewfinder  window  surface  temperature  at  the  end  of 
the  descent  was  approximately  45 °F  and  the  highest  was 
only  55  *F.  After  a  ten-minute  low  speed  flight,  the 
lowest  inside  window  surface  temperature  was  62 °F 
(R,  H,  Scan  Window  at  1/2  throw),  as  shown  on  Figure  20, 
The  nose  camera  and  viewfinder  windows  had  an  inside 
surface  temperature  of  69 “F  after  the  ten-minute  dash. 

If  the  maximum  speed  dash  would  have  been  initiated 
right  after  the  descent,  a  much  greater  amount  of  moist 
air  would  have  been  forced  into  the  cabin  and  window 
fogging  could  very  well  have  occurred. 

During  the  climb  to  altitude  and  the  high  altitude  photo 
run  after  a  period  of  stabilized  flight,  no  condensation 
was  reported  on  any  windows. 
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(2)  Teat  9-2 

The  maximum  rate  descent  was  made  over  the  Gulf  of  Mexico 
just  southweet  of  Galveston,  Texas  Into  an  atmosphere  with 
71 *F  dew  point  temperature*  However,  the  maximum  speed 
dash  had  to  he  aborted  due  to  gear  malfunction.  The  pilot 
reported  fogging  on  both  sides  of  the  canopy  and  very  light 
frost  on  the  right  side  of  the  windshield  panel.  The  co¬ 
pilot  reported  fogging  tut  not  to  the  extent  that  was  re¬ 
ported  by  the  pilot.  The  navigator  reported  rather  heavy 
fogging  on  both  scan  windows  during  the  descent*  The  navi¬ 
gator  did  not  report  any  condensation  on  the  nose  camera, 
nose  cover,  or  viewfinder  windows  during  the  descent*  The 
crew  did  not  report  any  condensation  on  any  windows  during 
the  High  Altitude  Photo  Run* 

(3)  Test  9-4 

The  maximum  rate  descent  was  made  over  Tampa,  Florida  where 
a  dew  point  of  approximately  70  ®F  existed.  The  water  sep¬ 
arator  was  inadvertently  left  in  the  off  position  during  the 
entire  test  and,  therefore,  the  test  conditions  at  low  alti¬ 
tudes  were  extremely  severe  from  a  standpoint  of  compartment 
humidity. 

The  copilot  reported  that  fogging  of  the  left  side  of  the 
canopy  started  at  approximately  5,000  feet  and  got  worse 
during  the  descent  and  after  five  minutes  of  the  low  altitude 
high  speed  dash,  the  fog  was  so  bad  that  he  couldn’t  see  out} 
an  attempt  to  wipe  the  canopy  by  hand  was  unsuccessful  due  to 
the  excessive  moisture.  The  pilot  reported  fogging  of  the 
canopy  during  the  high  speed  dash  but  not  to  the  extent  that 
the  copilot  reported.  The  navigator  reported  partial  fogging 
of  both  scan  windows  approximately  five  inches  down  from  the 
top*  However,  the  lower  portion  of  the  scans  and  the  nose 
cover  window  remained  dear.  Due  to  misinterpretation  of  the 
teat  plan  the  camera  doors  were  left  closed  for  the  first  ten 
minutes  of  the  maximum  speed  dash  and  opened  the  last  fifteen 
minutes.  Consequently,  the  navigator  reported  dear  windows 
after  opening  the  doors.  It  is  unknown  if  the  windows  were 
fogged  at  any  time  during  the1  first  ten  minutes  of  the  high 
speed  dash.  Due  to  a  malfunction  of  instrumentation,  temper¬ 
atures  are  not  available  for  this  test  until  half  way  through 
the  maximum  rate  descent  and  consequently,  plots  were  not 
made*  However,  at  the  start  of  the  maximusi  speed  dash,  the 
nose  csmsra  window  had  an  insids  surface  temperature  of  43  *F 
at  T/C  66  and  the  viewfinder  window  showed  a  temperature  of 
50  *F  at  T/C  71*  The  inside  R.H.  scan  window  at  1/2  throw  had 
a  temperature  of  46  *F  at  T/c  46.  The  upper  part  of  the  scon 
window  was  reported  to  have  fogged,  and  the  temperature  at  3/4 
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throw  for  tha  R.H.  and  L.H.  soan  aim  48  ®F  and  42 *F  respectively. 

The  nose  cover  window  was  reported  clear  even  with  the  low  inside 
surface  temperature  recorded.  It  appears  that  the  compartment 
dew  point  must  have  varied  considerably,  with  the  lower  half  having 
a  dew  point  muoh  lower  than  the  upper  half.  If  that  is  the  case, 
the  compartment  ventilation  must  be  rather  non-uniform  with  most 
of  the  airflow  direoted  along  the  top  of  the  compartment,  or  it 
also  could  mean  that  due  to  the  lack  of  uniform  ventilation, 
moisture  laden  air  conditioning  air  flow  used  in  the  compartment 
ms  not  circulated  in  the  extreme  forward  part  of  the  cabin.  The 
results  of  the  flight  teat  of  the  cabin  air  conditioning  system  on 
the  RB-47E  indicate  that  the  ventilation  rate  in  the  navigator's 
compartment  is  not  uniform  as  reported  in  WD-14014  (Reference  12), 

(g)  Window  Surfaee  Temperature  Variation  with  Descent 

The  variation  of  inside  surface  temperature  at  points  of  instrumenta¬ 
tion  of  the  nose  camera,  viewfinder,  nose  oover,  right  hand  and  left 
hand  scan  windows  during  the  descent  of  Testa  9-1  and  9-2  is  shown  in 
Figures  1*5,  16,  19,  20  and  21  respectively.  The  probable  oause  of 
variation  of  temperature  between  thermocouples  on  the  windows  will  be 
discussed  later  in  this  report.  The  increase  in  window  surface  temp¬ 
erature  is  approximately  equal  for  both  the  9-1  and  9-2  descent.  The 
following  tabulation  from  Reference  2  shows  the  calculated  temperature 
rise  in  inside  surface  temperature  for  a  descent  from  45,000  ft.  on  a 
design  defrosting  day  psr  MIL-T-5842A.  {Reference  1), 


Window 

Design  inside 
surface  Tmip. 
at  45,000  Ft. 
Altitude 

Calculated  Temp. 
Rise  During 
Desoent 

Calculated  Inside 
Surfsce  Temp. 

Sea  Level 

•F 

*F 

*F 

Hose  Camera 

80 

12 

92 

Viewfinder 

80 

15 

95 

Nose  Cover 

20 

55 

75 

R.H.Soan 

20 

60 

80 

L.H.  Scan 

20 

58 

78 

The  above  temperature  rise  was  based  on  a  constant  defrosting  air 
temperature  of  160*F  and  a  desoent  rate  of  10,000  Ft./kin. 

The  following  tabulation  shows  the  inside  window  surface  temperature 
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just  prior  to  the  descent  and  the  corresponding  window  surface  t 
erature  at  pull  out  for  Teat  9-1. 


Window 


Inside  Window 
Surface  Tmep. 
at  36,000  Ft. 


Temperature 
Rise  During 
Descent 


Inside  Window 
Surface  Temp, 
at  1500  Ft. 


•F 

•F 

•F 

*F 

•F 

•F 

Nose  Camara 

44.0 

41.0 

11.0 

5.0 

55.0 

46.0 

Viewfinder 

49.0 

46.0 

6.0 

8.0 

55.0 

54.0 

Hose  Cover 

35.0 

28.0 

22.0 

19.0 

57.0 

47.0 

IUH.  Scan 

28.0 

22.0 

18.0 

17.0 

46.0 

39.0 

L0H0  Scan 

31.0 

24.0 

21.0 

22.0 

52.0 

46.0 

The  following  tabulation  is  for  Test  9-2. 


Window 


Inside  Window 
Temp.  st 
37,000  Ft. 


Temperature 
Rise  During 
Descent 
Itet...  ..IttBt 


Inside  Window 
Surface  Tamp, 
at  2000  Ft. 


Hose  Camera 

42.0 

37.0 

13.0 

8.0 

55.0 

45.0 

Viewfinder 

48.0 

45.0 

6.0 

7.0 

54.0 

52.0 

Vose  Cover 

37.0 

34.0 

20.0 

18.0 

57.0 

52.0 

IUH.  Scan 

31.0 

26.0 

19.0 

19.0  , 

50.0 

45.0 

L.H.  Scan 

25.0 

24.0 

22.Q 

23.0 

47.0 

47.0 

As  previously  stated,  variables  such  as  airspeed,  power  setting,  rate 
of  descent,  etc.  would  be  considered  as  not  having  any  noticeable 
affect  on  window  surface  temperature  (hiring  dea cento  The  alight  dif¬ 
ference  in  window  surface  increase  between  the  two  tests  is  believed 
not  significant  enough  to  conolude  that  a  deed  gn  descent  would  result 
in  a  greater  window  surface  temperature  increase.  Of  greater  signif¬ 
icance  is  the  fact  that  the  maximum  increase  obtained  during  both 
flight  tests  for  the  npse  camera  window  is  approximately  the  same  in¬ 
crease  pradlotod  by  D*lft207  Reference  (2)/  even  though  the  defrost  air 
tmaparuture  at  the  nozzle  averaged  about  8o*F  as  compared  to  the  design 
defrost  air  temperature  at  the  nossle  of  160*F.  The  viewfinder  window 
surface  temperature  increase  was  only  about  half  the  predicted  design 
lncresss,  while  the  nose  cover  and  scan  window  increase  was  only  about 
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40<  and  30<  of  the  design  predietien,  An  analytical  explanatlen  for 
tha  abova  la  believed  beyond  the  aoopa  of  thia  report  and  the  results 
would  only  be  as  valid  aa  tha  assumptions  that  would  have  to  ba  Made. 
It  appeara  that  perhaps  tha  original  design  analysis  oould  ba  review* 
ad  frost  a  standpoint  of  tha  validity  of  tha  asausptiens  mad*  in  pre- 
dioting  the  transient  window  surface  teaperature  change*  It  can  ba 
noted  front  tha  curves  in  Figure  22  and  23  that  tha  window  aurfaoa 
taaparature  inoraase  during  tha  final  descant  for  landing  of  Tost  9*1 
and  9-2  waa  considerably  more  than  that  obtained  during  tha  initial 
descent  aa  shown  in  tha  above  tabulations*  A  review  of  the  indicated 
OAT  and  descent  tine  during  tha  final  descent  has  shown  that  thsrs  ip 
very  little  difference  between  the  Initial  and  final  descent#  for  Teat 
9-1  in  thia  reapeot.  Therefore,  it  appears  that  tha  reason  for  the 
greater  teaperature  rise  Is  due  to  tha  defrost  air  teaperature*  The 
nixed  air  temperature  at  the  temperature  sensor  decreased  to  a  low  of 
approximately  6o*F  (Figure  16)  during  tha  final  deeoent  as  compared 
with  a  low  of  approximately  75  *F  (Figure  22)  during  the  initial  de¬ 
scent.  However,  it  xrust  also  be  noted  that  tha  difference  between 
the  nixed  air  teaperature  and  the  window  surface  tenperature  just 
prior  to  ths  dssoent  is  considerably  greatsr  for  the  final  dssotmt 
than  it  is  for  tha  initial  descant.  In  tha  ease  of  tha  viewfinder 
window  this  different*#  is  approximately  80 *F  before  the  final  deeoent 
as  oonpared  to  approximately  55  °F  before  the  initial  deeoent*  This 
difference  is  not  great  but  there  may  be  enough  residual  heat  in  the 
system  to  cause  a  greater  increase  in  window  surface  taaparature  dur¬ 
ing  the  final  deeoent.  In  addition,  the  "window  well"  air  tenpera¬ 
ture  before  the  initial  descent  of  9-1  was  approximately  54  *F  and 
approximately  0*F  before  the  final  deeoent.  Tha  difference  in  "well* 
tenperature  is  explained  by  the  fact  that  the  cover  doo^il  were  dosed 
end  the  "well"  teaperature  was  stabilised  before  the  initial  descent, 
while  the  cover  doors  were  open  until  just  prior  to  the  final  dssoent* 
Due  to  the  lack  of  airflow  data  a  correlation  between  test  and  design 
heat  transfer  film  coefficients  cannot  be  made* 

In  conclusion,  it  must  be  pointed  out  that  the  final  descant  cannot 
be  considered  a  design  descent  since  the  cover  doors  were  open  until 
just  prior  to  the  descent*  The  flight  profile  for  a  low  level  photo¬ 
graphic  mission  oonsists  of  a  period  of  stabilised  flight  at  maxim— 
range  oruise  altitude  followed  by  a  maximum  rate  deeoent  and  tha  sub¬ 
sequent  low  level  photo  mission*  Ths  cover  doors  are  dosed  until 
just  after  pull  out  at  low  altitude* 

(h)  Pattern  of  Coverage  of  Defrost  Air* 

The  reason  for  a  difference  In  temperatures  on  individual  windows  is 
due  mainly  to  the  type  of  defrost  nosale  used*  An  end-fed  type  nossle 
is  used  on  every  window  in  the  navigator's  ooopartment  with  the  ex¬ 
ception  of  the  outeide  surface  of  the  viewfinder  window*  As  oan  be 
noted  in  Figures  15  and  16,  the  temperatures  of  the  viewfinder  window 
do  not  have  as  great  a  difference  as  the  nose  camera  window  insofar 
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as  the  temperature  variation  la  concerned.  Tha  following  sketch  will 
illustrate  this  point! 

x - AIRFLOW  An -total  cross  sircT/om  AREA 

i  ~  ^  OF  A'OSIU  OUTLET 

iai  w»tftn  DUCT"  —  TOTAL  CROSS  5FCTIONAL  AREA 
J— -DISTKIQUTION  pvoj  or  DlsTRiguTioN  DOCT 

- - - - - COLDEST  SIDE 


-JET  COVERAGE  PATTERN 


•WARMEST  SIDE 


The  pattern  of  airflow  coverage,  or  more  specifically,  the  angle  ©i 
an!  #2,  la  a  funetion  of  the  ratio  An/Ad*  A  ntfaerioil  inerease  of 
this  ratio  will  decrease  the  angles  §j,  and  02  and  narrow  the  jet  oov-  j 
erage  pattern  while  a  decrease  in  the  ratio  will  widen  the  jet  cover¬ 
age  pattern  and  consequently  provide  more  unifora  surface  temperatures. 
The  ultimate  in  coverage  would  be  obtained  when  the  angles  ©i  and  ®2 
are  90*.  The  above  is  based  on  informal  laboratory  tests  of  a  con¬ 
tinuous  slotted  outlet  nosale  but  the  results  are  believed  applicable 
to  an  orifice  type  outlet  noesle, which  is  the  type  used  in  the  defrost ! 
system.  To  obtain  optimum  airflow  coverage, the  total  area  of  the  ori¬ 
fices  shodld  only  bs  about  75%  of  the  cross  sectional  area  of  the 
supply  dust.  Of  oourse,  a  smell  else  orifice  will  increase  the  system 
pressure  drop  and  the  irnprov  seven  t  in  window  coverage  say  have  to  be 
weighed  against  the  affect  of  increased  pressure  drop  on  the  upstream 
components,  especially  the  blower. 

System  Performance  During  a  Descent  on  a  Design  Day 

It  has  been  concluded  that  the  conditions  under  which  the  initial  de¬ 
scents  of  the  flight  test  were  made  oould  be  considered  typical  of  the 
condition*  that  would  exist  on  a  design  defrosting  day  Insofar  as  in¬ 
dicated  OAT,  engine  RPM,  etc.,  are  concerned.  Therefore,  the  inside 
window  surface  temperature  rise  during  the  9-1  descent  will  be  proj¬ 
ected  in  figures  39  and  40,  to  predict  at  what  altitude  during  a  de¬ 
scent  on  a  design  day  that  condensation  will  form  on  each  window. 
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The  inside  surface,  temperature  at  36,000  feet  is  an  average  between 
the  two  thermocouples  on  each  window  ,'  and  the  'temperature  rise  during 
the  descent  is  the  average  temperature  rise  as  measured  by  the  sake- 
tyo  thermocouples.  It  will  be  noted  that  the  ambient  daw  point  curve 
is  also  considered  to  be  the  .cabin  dew  point  during  descent. .  This 
assumotion  is  believed  to  represent  the  most  severe  condition  and  the 
following  is  quoted  from  page  6  of  D-13559  (Reference'  !^)'  as  substan- 
„  tiation:  <  ‘  ‘  • 

"The  results  of  this  study  indicate  that  the  moisture  separator 
will  have  little  or  no  effect  during  a  rapid  descent.  However, 
the  specific  humidity  of  the  cabipi  air  will  lag  behind-  the 
ambient  moisture  content  during  .descent  because  of  the  low  rate 
of  change  of  cabin  air  during  this  condition.  Upon  pullout  with 
an  increase  of  engine  cower,  the  moisture  separator  will  become 
effective  in  time  to  prevent  the  cabin  humidity  level  from  .ris¬ 
ing  to  the  atmospheric  humidity  level  at  that  altitude." 

Hence,  the  Cabin  dew  point  would  be  something  less  than  ambient  dew 
point.  '  The  following' tabulation  has  been  taken  from.  Figures  39  and 
liOt  "• 


WINDOW 


ALTITUDE  WHERE  FROST  OR  FOG  BEGINS  TO  FORM 
6~>$6  ft /rain  *  6050  f  t/miri 

Descent  from  ,  Descent  from 

36,000  ft.  39,000  ft. 


Nose  camera 
Viewfinder 
Nose  Cover 
R.  H.  Scan 
L.  H.  Scan 


From  the  foregoing  it  can  be  seen  that  all  the  windows  should  be  clear 
of  condensation  above  8500  "feet  and  9000  feet  for  a  descent  from  36,- 
000  feet  arid  39,000  feet  respectively. 

Further  review  of  the  window  surface  temperatures  predicted  at  altitudes 
below  10000  feet  during  maximum  rate  descent  from  cruise  altitudes. 
Reference  Figures  and  liO*  indicates  that  the  maximum  surface  tempera¬ 
ture  change  with  altitude' from  10,000  feet  to  sea  level  is  6*  F  and  for 
the  two  critical  .windows  from  the  Photo-reconnaissance  standpoint  this 
change  is  only  3*  F  maximum.  Hence,  it,  is  feasible  to  conclude  that  the 
altitude  of  pullout  below  10,000  feet  has  negligible  effect  on  .the  re¬ 
sultant  window  surface  temperature.  In  view  of  this  a  cursory  and  some¬ 
what  practical  evaluation -of  the  navigator’s  compartment  defrost  system 
performance  limitations  can  be  established  in  terms  of ?the  atmospheric 
air  temperature  and  relative  humidity  conditions  at  the  pullout  altitude. 
Figure  uOA  presents  such  an  evaluation  based  on  the  nose  camera  and  view¬ 
finder  window  surface  temperatures  shown  in  Figures  39  and  ii0o 

Figure  hOA  is  applicable  to  any  atmospheric  day  conditions  as  long  As 
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Of  Figure  40A  la  illustrated  by  noting  that  for  temperature  'conditions 
corresponding  to  approximately  500  feet  altitude  on  a  .100^  Saturated 
Polar, Standard  Day  (point  noted  bn  Figure  40A),  no  fogging  of  the  crit¬ 
ical  window's  is.  expected.  Hence,  atmospheric  temperature  and  relative 
humidity  conditions  below  the  curve  ate -expected  to  result  in  fog-free 
nose  camera  and  viewfinder  windows  for  pullout  altitudes  from  sea  level 
to  -10,000  feet. 

Inside  Window  Surface  Temperature  Increase  Following  Descent 

The  defrost  system  is  deficient  at  the  start  of  a  low  altitude  high  . 
speed  dash  preceded  by  a  maximum  rate  descent  from  high,  altitude. 
However*  the  Inside  window  surface  temperature  will  naturally  rise 
during  the  high  speed  dash  and  consequently  aftep  a  given  period  of 
time  the  window  temperature  may  be  high  enough  to  prevent  formation 
of  any  condensation,  ... 


Due  to  the  landing  gear  retraction  mechanism  malfunction*  the  initial 
part  of  the  low  altitude  high  speed  dash  for  test  9-1  cannot  be  used 
to  determine  the  window  surface  temperature  increase.  During  test 
9-4  the  cover  doors  were  inadvertently  left  closed  for  the  first  ten 
minutes  and  opened  for  the  last  15  minutes  of  the  low  altitude  high 
speed  dash.  However,  due  to  incomplete  data  just  prior  to  and  at  the 
beginning  of  the  high  speed  dash,,  test  9-4  data  cannot  be  used  to  de¬ 
termine  the  increase  in  window  surface  temperature  following  a  descent. 

As  previously  stated  the  inside  window  surface  temperature  will  increase 
during  a  low  altitude  high  Speed  dash  preceded  by  a  maximum  rate  des- 
,  cent  from  high  altitude.  However*  as  noted  above,  the  lack  of  data 
precludes  the  determination  of  how  long  after  initiation  of  the  low 
altitude  high  speed  dash  that  the  defrost  system  remains  deficient.  It 
is  probable  that  the  nose  camera  and  view  finder  windows  Would  be  up  to 
the  design  temperature  of  85°  F  in  10  to  15  minutes  after  start, of  the 
dash.  .  >■ 
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DISC’ISSION 

A.  Acceptable  Performance  of  System  Components 

1.  Blower  Performance 

The  blowor  is  considered  to  have  operated  satisfactorily  at  high  alti¬ 
tude.  Erratic  blower  operation  wa3  noted  during  the  low  altitude  con¬ 
ditions  but  as  noted  in  "Evaluation  of  Results"  this  was  believed  to 
result  from  the  fluctuating  bleed  airflow.  It  was  also  noted  that  the 
motor  did  not  appear  to  overspeed  and  since  the  airflow  requirements 
at  low  level  are  not  critical  it  is -believed  that  blower  operation 
is  satisfactory  from  a  standpoint  of  system  performance. 

2.  Overheat  Control  and  System  Safety  Devices 

The  laboratory  test  of  the  cabin  defrost  system,  T- 28288  (Reference 
3)  reports  that  system  overheat  controls  and  safety  devices  operated 
satisfactorily  and  therefore,  these  components  were  not  checked  during 
tho  flight  tost  program. 

3.  Temperature  Control  System 

The  temperature  control  system  functioned  satisfactorily  whenever  the 
defrost  system  operation  wa3  free  from  malfunctions  of  the  other  compon¬ 
ents  of  tie  defrosting  system.  Satisfactory  control  system  functioning 
was  evidenced  in  that  no  significant  instability  of  the  controlled  temp¬ 
erature  existed,  nor  did  the  temperature  exce-xl  the  upper  control  limit, 
during  proper  defrost  system  design  functioning.  The  only  major  indi¬ 
cations  of  control  temperature  fluctuat’ons  were  evident  during  daf rott¬ 
ing  system  malfunction  such  as  when  the  limit  switches  failed  to  dost 
the  bleed  air  supply  modulation  valve  during  camera  door  "open"  condi¬ 
tions,  Reference  Figure  38.  Minor  fluctuations  in  control  temperature 
did  occur  during  certain  power  changes.  The  control  temperature  stayed 
within  the  160  .H  5  °F  control  land  whenever  the  bleed  air  tomperatur* 
and  pressure  was  sufficiently  high  so  that  the  bleed  air  flow  from  tho 
wide  open  modulating  valve  would  result  in  a  mixed  air  temperature  with¬ 
in  the  160  i  5°  band. 

4.  Modulation  Valve  Stability 

The  modulation  valve  operation  was  stable  during  all  normal  defrosting 
system  operating  conditions.  A  slight  "hunting"  of  the  valve  occurred 
for  approximately  3  minutes  after  the  temperature  control  limits  were 
exceeded  by  the  res  lit  of  large  power  change  as  indicated  in  Figure  11. 
In  all  cases  where  the  bleed  air  conditions  were  not  sufficient  to  pro¬ 
duce  a  nixed  air  temperature  within  the  temperature  control  band  the 
valve  remained  in  th  i  full  open  position  moving  from  this  position  only- 
to  satisfy  the  demands  of  the  temperature  control  system  or  the  inters 


vention  of  t'.e  limit  switch  circuit  actuated  by  the  opening  of  the  eastern 


doors. 

CALC 

RSVISSO 

DATS 

DISCUSSION 

CHICK 

7 

APR 

RB-47E 

WD-14018 

APR 

BOEING  AIRPLANE  COMPANY 

WICHITA  0 1 V 1 1 1  OH  HICHITA  t.  KANSAS 

'A6fiu 

CONTRACT  NO. 

. 

B«  Deficiencies  of  System  Components 

The  overall  system  deficiency  may  be  a  result  of  the  following: 

s 

1.  During  the  majority  of  the  conditions  requiring  the  camera  doors  to 
be  open  the  modulation  valve  did  not  close  according  to  the  defrost- 
ing  system  design.  The  system  waa  designed  to  shut  off  the  flow  of 
hot  air  over  the  outside  of  the  windows  during  doors  open  operations 
since  the  effect  of  the  hot  air  stream  on  photographic  clearness  was 
not  known  but  thought  to  be  detrimental.  In  addition,  this  system 
malfunction  was  Inconsistent  in  its  effect  on  the  modulation  valve 
stability,  i.».,  in  some  cases  severe  "hunting"  occurred  and  in  othei 
cases  the  valve  remained  Btable,  The  "hunting"  of  the  valve  is  con¬ 
tributed  to  improper  operation  of  the  limit  switches  when  the  camera 
doors  are  opened  and/or  closed.  As  shown  in  Figures  28  and  38,  in¬ 
stability  did  not  occur  when  the  doors  were  first  opened  for  the  low 
altitude  photo  mission  of  Test  9-1,  but  it  did  occur  during  the 
period  when  the  doors  were  open  and  continued  during,  and  to  some 
extent  after  the  closing  of  the  doors.  Figures  32  and  38  indicate 
that  the  severe  "hunting"  occurred  during  the  entire  doors  open  con¬ 
dition  of  the  Test  9-4  low  altitude  photo  mission  and  that  the  hunt¬ 
ing  ceased  after  the  doors  were  closed.  Figure  30  indicates  that 
during  the  doors  open  portion  of  the  high  altitude  photo  mission  of 
Test  9-1  the  modulation  valve  did  not  close  nor  did  it  "hunt".  Also, 
Figure  31  shows  that  the  modulation  valve  properly  closed  during  the 
9-2  high  altitude  photo  mission  and  consequently  no  hunting  occurredc 

It  Is  further  observed  from  Figures  28,  31,  32  and  38  that  instabil¬ 
ity  only  occurred  when  the  malfunction  occurred  at  low  altitude. 

2.  The  compartment  temperature  in  the  nose  camera  and  viewfinder  win¬ 
dow  area  was  recorded  at  approximately  40 °F,  juat  prior  to  the  max¬ 
imum  rate  descent,  or  a  departure  of  30 °F  from  the  D-17207  design 
analysis  value  of  70 °F. 

3.  The  temperature  drop  In  the  duct  system  was  excessive.  A  mixed  air 
temperature  drop  of  approximately  20 *F  was  recorded  from  the  temp¬ 
erature  control  sensor  to  the  nose  camera  and  viewfinder  uindow  de¬ 
frost  nozzle  outlets  and  the  mixed  air  temperature  at  the  sensor 
was  only  about  10*5 °F.  As  previously  noted,  this  temperature  drop 

is  believed  to  result  from  leakage  of  cabin  air  into  the  duct  system 
through  the  9-30129  transition  assembly  and  the  6-43907  air  check 
valveB.  The  bleed  air  temperature  drop  from  the  bleed  port  to  the 
defrost  duct  takeoff  was  about  60°F  or  approximately  twice  the 
original  assumed  drop  of  35 CF  used  in  the  design  analysis.  However, 
the  temperature  drop  from  the  defrost  duct  takeoff  to  the  mixing 
duct  in  the  cabin  averaged  about  >0#F  and  this  resulted  in  a  bleed 
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air  temperature  into  the  mixing  duct  of  less  than  160#  F,  which  was 
the. design  mixed  air  temperature.  Therefore,  it  is  seen  that  the  over¬ 
all  temperature  drop  from  the  bleed  port  to  the  defrosting  nozzles " 
averages  170*  F. 

h.  The  defrosting  air  jet  pattern  is  such  that  a  considerable  variation 
in  window  surface  temroerature  at  maximum  throw  exists  for  all  windows 
except  the  viewfinder  window.  The  viewfinder  defrost  nozzle  design 
(center-fed  nozzle)  provides  more  uniform  coverage  than  the  end  fed 
spray  tubes  used  for  the  other  windows. 

5.  The  control  system  that  closes  the  modulating  valve  when  both  cover 
doors  are  opened  did  not  operate  satisfactorily.  It  has  been  concluded 
that  the  system  deficiency  may  be  attributed  to  limit  switch  malfunc¬ 
tion.  This  apparent  malfunction  did  not  appear  to  have  any  appreciable 
affect  on  system  performance.  As  previously  mentioned,  the  design  of 
the  defrosting  system  included  the  provision  for  closing  the  modulation 
valve  during  doors  open  operation  in  order  to  eliminate  possible  detri¬ 
mental  effects  of  the  hot  air  passing  over  the  window  outer  surface 
during  photography.  Since  the  absolute  necessity  of  this  provision  has 
not  been  confirmed  consideration  should  be  given  to  the  possibility  of 
removing  this  control  in  the  interest  of  defrosting  system  simplifica¬ 
tion 

6.  As  previously  stated  airflow  distribution  to  the  various  windows  was 
not  determined.  However,  the  total  mixed  airflow  through  the  venturi 
compares  favorably  with  the“D-l??07  design  analysis. 

C.  Improvements 

The  following  recommendations  are  possible  ways  of  improving  the  navigator's 

compartment  defrost  system  performance: 

1.  Close  the  navigator's  manual  shut  off  valve  and  cut  off  power  to  blower 
above  35,000  feet  by  actuating  the  circuit  breaker  on  the  navigator's 
panel.  The  nose  cover  and  scan  windows  will  not  be  provided  with  any 
defrosting  air  above  35»000  feet  when  the  navigator's  valve  is  off. 

Cabin  pressure  should  not  be  adversely  affected  since  the  bleed  airflow 
is  approximately  equal  to  the  venturi  flow  above  35*000  feet.  Turn 
blower  on  during  the  photographic  missions  when  the  camera  doors  are 
open. 

2.  Increase  the  outside  defrost  air  temperature  control  from  l6o  ± 

5*  F  to  as  high  a  value  as  possible  but  not  in  excess  of  175  i  5®  F. 
Control  power  to  the  blower  by  means  of  a  temperature  control  that 
will  shut  off  power  to  the  blower  when  the  mixed  air  temperature 
drops  below  160#  F,  or  when  the  compartment  temperature  at  the  blow-  ' 
er  inlet  drops  below  70*  F.  Remove  the  reverse  flow  thermal  switch 
on  the  blower  and  install  a  check  valve  downstream  of  the  blower  out¬ 
let  to  prevent  reverse  flow  through  the  blower.  Removal  of  the  re¬ 
verse  flow  thermal  switch  is  recommended  since  installation  of  the 
check  valve  will  prevent  revere*  flow  through  the  blower.  Replace 
the  present  modulating  valve  with  one  that  will  permit  passage  of  a 
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bleed  airflow  rate  of  approximately  3,6  lbs/mln  (the  camera  com¬ 
partment  defrosting  system  modulation  valve  has  a  maximum  opening  of 
47,5  p,  as  compared  to  21*  for  the  present  valve,  and  could  perhaps 
be  used),  A  bleed  airflow  rate  of  3,6  lb s/mi n  should  be  enough  to 
provide  defrost  airflow  for  the  nose  camera,  viewfinder,  nose  oover 
and  both  scan  windows,  as  wall  as  the  necessary  airflow  for  the 
"inside  defrosting"  of  the  nose  camera  and  viewfinder  window  when 
the  blower  13  inoperative  and  the  cover  doors  are  open  during  a 
high  altitude  photo  reconnaissance  mission.  In  view  of  the  added 
control  system's  necessary  for  this  fix,  and  to  reduce  the  complexity, 
it  may  be  desirable  to  remove  the  control  system  that  closes  the 
modulating  valve  when  the  oover  doors  are  open.  System  performance 
did  not  appear  to  be  adversely  affected  when  the  cover  doors  were 
open  and  the  modulation  valve  was  open  during  the  flight  tests. 

During  a  low  level  photo  reconnaissance  mission,  the  blower  will  be 
on  and  the  temperature  sensor  will  control  the  bleed  airflow  to 
maintain  a  mixed  air  temperature  of  175  ±  5°F.  In  event  that  this 
is  accomplished,  some  consideration  must  be  given  to  possible  adverse 
effects  of  hot  air  passing  over  either  the  inside  or  outside  sur¬ 
face  of  the  window  during  photography, 

3.  Additional  defrost  protection  can  be  provided  to  the  nose  camera  and 
viewfinder  windows  by  redesigning  the  6-43907  defrost  air  check 
valvea  and  the  9-30129  transition  assembly.  This  redesign  would 
eliminate  leakage  of  cold  cabin  air  into  the  defrost  air  ducts  and 
provide  a  notential  increase  in  defrost  air  temperature  at  the 
nozzle  outlet  of  approximately  20 °F,  baaed  on  the  flight  test 
results, 

4.  If  maximum  protection  is  desired  the  following  could  be  accomplished: 

(a)  Redesign  the  defrost  nozzle  outlets  to  obtain  more  uniform  air¬ 
flow  coverage  and  also  decrease  the  air  jet  temperature  decay, 

(b)  Insulate  the  window  wells  to  reduce  heat  transfer  and  conse¬ 
quently  reduce  the  temperature  decay  of  the  air  jet, 

(c)  Investigate  the  possibility  of  increasing  the  insulation  on 
the  bleed  air  supply  line  in  order  to  reduce  the  temperature 
drop  from  the  modulating  valve  to  the  mixing  duct. 

The  increase  in  defrost  protection  to  be  expected  by  incorporation  of 
the  above  improvements  is  given  in  the  "Conclusions  and  Recommenda¬ 
tions"  section  of  tuis  document.  The  determination  of  the  altitudes 
above  which  condensation  should  not  form  was  on  an  approximate  basis 
and  should  only  be  used  as  a  guide  for  establishing  whic.t  improvement 
should  be  subjected  to  a  formal  design  analysis.  The  following  is  an 
example  of  the  methods  used  to  determine  the  increase  in  protection 
if  Improvement  1  is  accomplished  and  a  descent  is  made  from  36*000  Ft: 

Assume  j 


1,  Steady  state  altitude  approximately  >3,000  Ft, 
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2,  Defrost  hlower  turned  off, 


3.  Navigator's  shutoff  valve  closed. 

4.  Straight  bleed  air  used  for  defrosting  at  a  temperature 
of  approximately  140  *F  (Figure  18). 

5o  Defrost  air  temperature  at  sensor  approximately  130 °F. 

6.  Defrost  air  temperature  at  nozzle  outlet  for  nose 
camera  and  viewfinder  window  approximately  105  “T. 

From  F4gure  15,  the  average  defrost  air  temperature  at  the  sensor  is 
approximately  104 °F  and  just  upstream  of  the  defrost  nozzle  outlet 
the  average  air  temperature  is  approximately  83  *F.  The  average  nose 
camera  window  surface  temperature  resulting  from  the  above  nozzle  air 
temperature  is  approximately  40 *F,  at  an  altitude  of  approximately 
36,000  Ft. 

It  will  be  assumed  that  the  window  surface  temperature  will  increase 
by  a  direct  proportion  to  the  nozzle  air  temperature  increase* 

105  °  83 
”ti  40 

tj  *»  50.6 °F  (nose  camera  inside  window  surface  temperature  at 
36,000  Ft.) 

At  “  9°F  (Average  nose  camera  window  inside  ourface  temperature 
rise  during  descents  for  tests  9-1  and  9-2;  paragraph 
(g)  of  "Evaluation  of  Results".) 

It  is  assumed  that  the  average  window  surface  temperature  riae  ob¬ 
tained  in  the  flight  test  descents  can  be  upplied  to  any  descent  froa 
high  altitude  to  altitudes  below  *5000  Ft. 

tg  a  50.6  +  9  «  59.6°F  (Nose  camera  window  inside  surface  temp¬ 
erature  at  the  end  of  a  descent  from 
36,000  Ft.) 

Using  the  some  method  and  referring  to  Figure  16  the  viewfinder  win¬ 
dow  surface  temperature  at  the  end  of  a  descent  from  36,000  Ft.  should 
bet 

105  "  84 
tl  48 

t]_  -  60°F  (viewfinder  window  inside  surface  temperature  at 
36,000  Ft.) 
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At  ■  7*F  (average  viewfinder  window  inside  surface  temp¬ 
erature  rise  during  descents  for  tests  9-1  and 
9-2  j  paragraph  (g)  of  "Evaluation  of  Results".) 

t2  “  60+7«67°F  (viewfinder  window  inside  surface  temper¬ 
ature  at  the  end  of  a  descent  from  36,000 
Ft.) 

From  Figure  39  it  can  be  seen  that  the  ambient  dew  point  at  an 
altitude  of  4500  Ft.  is  38 °F,  Since  the  nose  camera  window  in¬ 
side  surface  temperature  is  only  59. 6°?,  it  is  considered  that 
the  descent  should  be  limited  to  4500  Ft,,  if  the  nose  camera 
and  viewfinder  windows  are  to  be  free  of  condensation.  Since 
it  was  assumed  the  navigator* s  manual  shut  off  valve  was  closed 
above  35,000  Ft.  the  nose  cover  and  scan  windows  will  not  receive 
any  defrost  airflow  prior  to  the  descent  and  therefore,  the  de¬ 
frost  protection  to  these  windows  will  be  marginal  at  4500  Ft. 
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CONCLUSIONS  AND  RBCQMM  FNDATT QMS 

The  defrost  system  is  marginal  in  providing  a  frost-free  camera  and  view¬ 
finder  window  during  a  high  altitude  maximum  range  cruise  photo  reconnai¬ 
ssance  mission.  The  nose  cover  and  scan  windows  will  be  maintained  frost 
free  during  this  condition.  The  system  is  deficient  at  the  start  of  a  low 
altitude  mission  which  is  preceded  by  a  maximum  rate  descent  from  high 
altitude,  as  explained  in  Paragraph  (j)  of  "Evaluation  of  Results". 

The  following  recommendations  are  made  with  consideration  given  to  the 
type  of  mission  to  be  accomplished  on  a  design  defrosting  day  per  MIL-T- 
5842A,  Reference  lj 

A.  High  Altitude  Photographic  Reconnaissance  Missions 

Incorporation  of  Improvement  1  as  listed  in  "Discussion"  should  provide 
slightly  Increased  protection  against  frost  for  any  high  altitude  photo 
mission.  The  incorporation  of  Improvement  2  would  provide  adequate 
protection  during  the  high  altitude  photo  mission. 

The  altitude  limitations  in  the  following  recommendations  were  determined 
by  the  method  outlined  in  the  "Discussion"  section  of  this  document  and 
as  noted  therein  sho'ld  only  be  considered  as  approximations. 

B.  Low  Level  Photographic  Reconnaissance  Missions  Preceded  by  Maximum 
Rate  Descent'  from  3(3.000  Feet 

1,  Low  Level  Missions  above  45QQ  feet 

It  is  believed  that  incorporation  of  Improvement  1  from  the  "Dis¬ 
cussion"  will  provide  adequate  protection  against  condensation  on 
the  nose  camera  and  viewfinder  windows  if  the  low  level  photographic 
mission  is  accomplished  at  4500  feet  or  above.  The  protection 
a  'forded  th-.  nose  cover  and  scan  windows  wo’ild  perhaps  be  marginal. 

2.  Low  Level  Missions  below  4500  feet 

If  Improvement  2  were  accomplished,  the  nose  camera  and  viewfinder 
windows  will  be  adequately  protected  against  condensation  for  a  low 
level  photographic  mission  at  or  above  20OP  feet.  The  nose  cover 
and  scan  windows  would  be  provided  with  adequate  protection  to 
approximately  3000  feet  but  may  have  marginal  protection  at  2000 
feet 

If  the  ultimate  in  protection  is  required  for  all  windows  to  meet 
the  maximum  r<  qulr  ments  of  th< .  defrost  specification  MII.-T-5842A# 
then  incorporation  of  Improvements  2,  3,  and  possibly  4  will  be 
necessary. 
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The  cabin  air  conditioning  airflow  was  not  measured  during  tha  WFT  709 
defrosting  flight  tests.  As  previously  noted,  an  attsnpt  to  measure  the 
compartment  daw  point  during  the  flight  tests  was  unsuccessful.  In  view 
of  the  foregoing,  the  compartment  dew  point  tsoperature  range  Will  be 
cletermined  by  an  approximate  method.  Sines  the  air  oonditlenleg  airflow 
rats  into  the  cabin  was  not  measured,  a  maximum  and  minims*  airflow  rate 
will  be  assumed,  that  is,  the  maximum  airflow  through  the  flow  control 
valve  and  the  minimum  airflow  required  to  maintain  cabin  pressure. 

The  defrost  sped  flee  tion  MIL-T-5842A  (Reference  1)  specifies  that  mois¬ 
ture  addition  from  personnel  in  an  occupied  compartment  be  based  on  0.5 
lbs  of  HzO/Hr  per  occupant.  It  is  believed  that  this  moisture  addition 
rats  is  based  on  s  75*7  environmental  temperature.  The  navigator* s  com¬ 
partment  temperature  averaged  approximately  40*7  during  high  altitude 
flight  so  consideration  will  be  given  to  the  reduced  rats  of  moisture 
addition  as  %  result  of  a  colder  environmental  temperature,, 

Required  s  Determine  compartment  dev  point  tmnperature  based  ont 

» 

A.  Maximum  airflow  rate  and  MIL-T-5842A  moisture  addition 

B.  Maximum  airflow  rate  and  revised  moisture  addition 


C.  Minimum  airflow  rats  and  MTL-T-58421  moisture  addition 
d/  Minisum  airflow  rats  and  revised  moisture  addition 
Given*  ' 

1.  Airplane  altitude  *  approximately  39,000  feet 

2.  Ambient  air  moisture  content  (1005  saturated  per  MIL-T-5&42A) 
Ma  -  2  grains/lb  dry  air 

3.  Cabin  pressure  •  19.27  In.Hg.abs.  (measured  in  flight  test) 
Calculations  * 

A.  Maximum  airflow  rate  and  MIL-T-5842A  moisture  addition 
Maximum  flow  through  control  valve 


V  -  230 


(PsiAl^  (7sg«  50  of  D-13341,  Reference  16) 


V  *  airflow,  lbs. /min. 

A 

7*1  “  pressure  upstream  of  valve,  psia 
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Tj  *  absolute  tfi  era  tore  upatreeai  of  valve  *R 
Avm( •  value*  froa  flight  toot  data 

■  19.55  peia 
Ti  -  207T  -  667 *R 
W  -  230  (lf.55/667)2 
V  -  39.6  lbe/ain 

Moisture  added  hy  craw  par  KIL-T-5842A 
H  -  0.5  x  3  -  1.5  lbaAjO/hr 
Moistar*  addition  on  grainaAb  dry  air  baais 


•  4U2  grain*  /lb  Ary  air 


Spacifla  noisturo  oontant  of  oonpartaent  air 

Mt  -  M  ♦  IV 

MX  *  4.42  ♦  2  -  6.42  grainaAb  dry  air 

Cfrrtnmt  Daw  Point  oan  ba  dataminad  by  tha  following  aquations 

%  -  0.622  — (7000)  -  4354P«  (Paga  34  of  Rafaranca  17) 

Pb  -  Pa  Pb  -  P, 

Hj  •  apaoifio  aoiatura  oontant  of  air  -  6.42  grainaAb  dry  air 

Pg  ■  anbiant  pressure  (oabin)  •  19. 27* Hg. aba. 

P»  •  vapor  praaaura  of  aaturatad  air,  "Hg. 

^ 

Pg  - -  j0284"Hg.  -  .0139  pai 

Fron  a  vapor  praaaura  chart  the  temperature  corresponding  to  thia 
praaaura  ia  -  5.5 T 

Maxi  nun  airflow  r^ta  and  raviaad  aoiatura  addition 

It  la  aaaunad  that  tha  aoiatura  addition  rate  in  KIL-T-5842A  is 
based  on  a  75 *F  anviro— ental  teaparatura.  However,  tha  navigator's 
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compartment  was  approximately  40 °F  at  an  altitude  of  39»000  feet, 
and  consequently  it  is  believed 'the  moisture  addition  by  the  nav¬ 
igator  will  be  at  a  lesser  rate  than  0.5  lbs  of  H20/Hr  or  3500 
grains/Hr,  Curve  B,  Figure  7,  Page  122  of  the  Heating  Ventilating 
Air  Conditioning  Guide,  Reference  10,  is  considered  to  be  the  basis 
for  the  requirements  of  MIL-T-5842A.  The  environmental  tempera¬ 
ture  for  the  pilot  and  copilot  is  assumed  design  or  75  *F. 

The  moisture  added  by  occupants  then  becomes 

A”  *  7900  grains/Hr.' 

The  compartment  dew  point  using  7900  grains/Hr  moisture  addition  is 
calculated  by  tho  method  of  Paragraph  A  and  found  to  be  -9.2*F. 

Minimum  airflow  rate  and  MIL-T-5 84 2A  moisture  addition 

The  compartment  dew  point  will  be  calculated  using  the  minimum  air¬ 
flow  rate  required  to  maintain  cabin  pressure.  The  minimum  airflow 
rate  was  datermined  to  be  approximately  13  lbs/min  based  on  a  leak¬ 
age  rate  of  300  cfta  presented  in  WD-14014  (Reference  12). 

(a)  The  airflow  rate  was  calculated  by  the  following  method. 

For  non-critical  flow  through  an  orifice 

w  -  27.90  P]A  (1  -  r2)*  * 

<Tl)t 

w  -  airflow  rate  lbs/min 
Pi  *  upstream  static  pressure,  PSIA 
?2  *  downstream  static  pressure,  PSIA 
A  -  orifice  area,  In2 

r  *  pressure  ratio,  Pg/Pl 
T^  *  upstream  temperature,  °R 

The  conditions  for  the  leakage  rate  of  300  cfhi  were  as  follows t 
Pa  -  29.25  "Hga 
AP  -  6.55  psi 

tc  “  58 *F  (oabin  temperature) 
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ta  -  45 *1*  (aabient  temperature) 

The  leakage  rate  in  lbe/nin  ia  then 

w  •  Q  i  - 

Q  -  300  efli 

£  -  1.327  x  .  0#075  #/ft3 

v  -  300  x  .075  -  22.5  #/«in 

* 

Substituting  this  airflow  into  the  non-eritioal  flow  equation  the 
orlfloe  area  can  be  deterained 

w  ■  22.5  #/ain  * 

» 

Pi  -  29.25  "Hga  +-AP  ■  H.35  ♦  6.55  -  20.9  peia 
P2  -  29.25  "Hga  -  H.35  peia 
r  -  14.35/20.9  -  .687 


T]_  -  518  *R 

22.5  -  27.90  x  20.9  A 


\df*L  lK 

(518) « 


27.90  x  20.9  QL-(.687)ZJ  1 


27.9  x  2C.9  x  .727 
A  -  1.235  In2 

Substituting  this  value  into  the  following  equation  for  critical 
flow  the  airflow  at  39 , 000  ft  is  obtained 

W  -  PiA  60  (.449  ♦  .2U  r)  (l-r|*  a 

?1  -  6.55  ♦  Pa 

Pa  -  aabient  pressure  at  39,000  ft.  -  5.812"  Hga  *  2.85  paia 
P,  -  6.55  +  2.85  -  9.10  psia 
A  -  1.205  In2 
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Tl  -  500  *1 

V  •  9.10  x  1.205-x  60  (.449  ♦  .241  x  .313) 


V  -  9.1xla 205*60  (.449  ♦  .0759)  (.*29)  -  12.6  1*M» 

22.15 

•  Pomulaa  taken  from  ASM  Transactions,  1949,  Volume  71 

Using  ths  nsthod  of  Paragraph  A  tha  oaloulatad  daw  point  was  11.5  *f 
for  niniaun  airflow  and  MIL-T-5842A  moisture  addition. 

D.  Minimal  airflow  rats  and  revised  noisturs  addition 

Tha  oaleulatad  daw  point  was  7.2*F  for  mini warn  airflow  and  noisturs 
addition  zata  of  7900  greino/Rr. 
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”sh . 1»  «*»>rdanoe  with  the  airplane  General  Configuration  List  for  the  RB-V7E.  airplane 

t' 4\  i  JF*5l'  $258,  presented  in  dooueent  VD-13400-23,  dated  Decasfcar  15,  1953*  with  the 
jfcOlo*  Lag  reviaioos  and  items  pertinent  to  this  tectt 

I  1  :  •  Air  conditioning  system  installed  in  the  cabin  and  camera  oomparh4s&te 
-  per 'Dr strings  545625  end  5-45626  to  slmLate  the  final  production  con¬ 

figuration  of  the  airplane. 

a. :  To  include  a  cabin  air -Moisture  separator  grstsm  per  Drawing  5-62614 
with  an  electronic  teeperatore  control  system  to  Maintain  a  35*  F. 
oooling  unit  discharge  temperature,  which  replaces  the  pneumatic 
system  on  the  cabin  cooling  unit. 

b.  With  the  centra  compartment  air  conditioning  system  incorporating 
the  10-819-507  cooling  unit  end  pneumatic  control  aye  tee  during 
Phase  X  only* 

De fro* ting  systems  installed  in  the  ohmtrn  and  oabin  compartment*  per 
Drawings  5-45625  and  5*45626  with  the  following  exceptions  end  additions t 

a«  The  9*43699  water  separator  by-paare  ralvs  modified  per  Vibeo  MID  to 
inolade  ea  alunixsns  piaton  aaseshly  (ISO's  Q5T70h  and  900063). 

€*1’-  '  *;f\« 


h 


iVs 


Ntmti 

HUM 

mvm 

■  Till 

. flf _ ^  flaMB  A4„ 

«•  RB-47* 

0 

«•*  AF  51-5258 

fSSM 

mm 

El 

*  -  t  *  .  t  ,v 

Chndit^oniM  and  Defrost  firsts* 

PMW 

IgMaym 

mm 

■  ■  •  ■  *  ■  ■  1 

Ground  Teat _ tr*t  u _ 5 _ _ _ 

WD-1356U 

httm  via 

BH 

■PJMPMVPVNNI^^ 

Mss^iirUrii.uiiVe.fciAm.a^.aAaL'.'n  m 

KSSSBK 

insert  No.  2  WD-14018  page  138 


b.  The  1X0*  F.  thermal  orerheet  switch eej.looated  adjeoent  to  the  blower* 
in  the  camera  oHqparhaeat,  meowed  from  the  system  at  the  time  the 
ooolinf  unit  in  the  sea  ere  compartment  ie  mad*  Inoperative  for  Phaee 
H.  > 

3.  All  electronic  and  electrical  equipment  normally  1  Detailed  in  thee*  com* 
part*  ante  ina  tailed  and  op  arable* 

U.  Instrumentation  to  remotely  record  all  pertinent  tamper* terse,  pressure*, 
and  other  data  requested  on  outlines  far  Flight  Test,  Keferenoe  lee*  0*108 
and  0-709  Bar.  A* 


Tiffs  Contract  AF33(6OO)-5lU0  (708,  709) 

Purpoaeei  (1)  To  verify  the  oabin  leakage  rate  and  to  .check  the  odda 
depreeaurisation  system  prior  to  fli«ht  teat* 

(2)  To,  functionally  teat  the  operation  and  adequacy  of  the  follow- 
ing  specific  installation*! 

(a)  The  electronic  teaperature  control  aye tarn  varans  the 
pneumatic  tsep  era  tore  control  ays  ten  for  the  cabin  and 
camera  compartment  ooolinf  unite. 

(b)  Defrosting  air  temperature  oontrol  system  (crew  and 
camera  oonpartmmts). 

(o)  Defrosting  air  distribution  system  (are*  and  eamsre. 
Qompartrnente). 

(d)  Camera  ventilation  system  (crew  ooag> ar tment  Only). 

(o)  MESA  window  for  oaaera  control  unite  (Section  U3 
compartment). 

1.  Cabla  DeproeauriaatlOn 

Kith  the  bomb  bey  doors  closed,  main  entrance  door  oloeod,  and  redone 

cover  attached,  pressurise  the  oabin  to  6.9$  psl  above  aahlent  pr tenure. 

Dapreaaurisa  the  cabin  by  pulling  the  cabin  pressure  release  handle. 

DATA*  (1)  OAT,  barometric  preasara,  cabin  pro* sura,  oabin  temperature 
and  counter  amber. 

(2)  Fhotoreoorder  Off  5A $  Bream  reoorder  Off* 
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Check  cabin  pressure  and  leakage  rate  par  D-9700,  Section  06.0101,  and  record. 

0 

DATAt  (1)  OAT,  barometric  pressure,  cabin  pressure,  cabin  temperature 
and  counter  nuaiber. 


(2)  A  record  of  the  leakage  rate  which  is  to  be  included  with  the 
ground  and  flight  test  data. 


functional  Tsst  -  Cabin  Air  Condi tioninj 


Prior  to  recording  any  ground  run  data,  thoroughly  check  the  function  of  the 
cabin  cooling  unit  electronic  temperature  control  system  and  the  camera  com¬ 
partment,  cooling  unit  pneumatic  temperature  control  system  per  EEO  070804*  and 
EEO  070805,  Revisions  to  D-9700. 


While  operating  Engine#  1,  2,  and  3,  record  the  cabin  air  conditioning  system 
data  during  the  following  stabilised  conditions* 


Condition 


a  65*  RPM  for  5  minutes 

.  b  90*  RPM  for  5  minutes 

c  75*  RPM  for  5  minutes 

d  50*  RPM  for  5  minutes 

DATAt  (1)  Coordination  counter  number. 

(2)  Barometric  pressure  and  dev  point. 

(3)  Photorecorder  on  1  per  10. 

(U)  Brown  recorder  ON. 

(5)  Oscillograph  0*. 

(6)  Amount  of  flow  of  water  from  the  air-moisture  separator  drain  line. 


U.  Functional  Test  -  C 


Coapartment  Air  Condi tionir 


retea  -  Part  I 


While  operating  Xngines  U,  5,  and  6,  record  the  cabin  air  conditioning  system 
data  during  the  following  stabilised  conditions* 


Condition 


Power  Set  tit 


a  65*  RPM  for  5  minutes 
b  90*  RPM  for  5  minutes 
o  75*  RPM  for  5  minutes 
d  50*  RPM  for  5  ainutes 


'  -  h  - 

DATA*  (1)  Coordination  counter  numbers. 

(2)  Barometric  pressure,  OAT,  end  dew  point. 

(3)  Photorecorder  on  1  per  10, 

(1*)  Brown  recorder  ON. 

(5)  Oscillograph  ON. 

$.  Functional  Test  -  Camera  Compartment  Air  Conditioninj 


i  tea  -  Pert  n 


With  the  air  conditioning  system  operating,  operate  Engines  U,  $,  and  6  at  80JC 
RPM  with  (1)  configuration  of  the  10-819-i*  aneroid  switch  normal,  (2)  the 
electrical  plug  removed  from  that  aneroid  switch  and  a  jumper  wire  installed 
between  pins  "A"  and  WB"  on  the  plug,-  and  (3  )  the  jumper  removed  and  the  plug 
replaced  on  the  aneroid  switch.  Transition  between  conditions  is  to  be  repid. 


Condition 


luir aments 


Run  at  80*  RPM  for  5  minutes . 

Run  at  80*  RPM  for  5  minutes 
with  juaper  across  pins  of  plug. 
Run  at  80*  RPM  for  5  minutes  with 
juaper  removed  and  the  plug  re¬ 
installed. 


DATAj  (l)  Coordination  counter  numbers. 

(2)  Barometric  pressure,  OAT,  and  dew  point. 

(3)  Photorecorder  oto  1  per  10. 

(4)  Brown  recorder  ON. 

(5)  Oscillograph  ON. 

6.  Functional  Teat  -  Camera  and  Cabin  Compartment  Defrost! 


After  completion  of  necessary  instrumentation,  and  prior  to  any  testing,  the 
defrosting  systems  and  the  camera  accessories  compartment  MESA  panel  shell 
have  been  functionally  tested  in  accordance  with  applicable  sections  of  D-970Q. 

With  the  openings  to  the  wheel  well  area  and  crew  entrance  hatch  open,  operate 
the  engines  necessary  to  obtain  the  required  engine  bleed  pressures  as  oonstant 
as  possible  throughout  the  following  conditional 


1 


Vnginea 

Condition  To  Bo  Boo 


Sncli* 
4  Prea 


MOOT* 


3  and  U  25-30  pal  (prae- 
sura  tap*  Vo.  1 
and  U6) 


3  and  U  60  pal  or  aax. 
obtainable 
(pressure  taps 
Vo.  1  and  b6) 


As  above  (praa- 
aura  tap  Vo.  1) 


25-30  pai 


£feyr»,Ssg 

Start  engines  add 
adjust  RPK  to  % 
necessary  to  aatdb- 
liah  angina  blead 
praaaoraf  required. 
Enargiaa  both  da- 
frpat  eyet ana* 


With  condi tiona  tha 
a an a  as  abora,  in¬ 
crease  tha  power  as 
necessary  and  hold 
for  15  nimtaa. 


Shat  off  cabin  c  on- 
par  tnent  defroat 
ays  tea.  Da -enargiaa 
both  blowers  in 
canera  oonpartnant 
(poll  circuit  break- 
ara  06-35  on  Panel 
J110,  or  r snore  tha 
ground  relay  R8  on 
Panel  JUO,  canera 
power  distribution 
panel,  or  rnmore 
power  leads  to  both 
blowara  simulta¬ 
neously,  or  power 
lead  H4UF20). 


Reduce  power  and 
atdbiliaa  while 
modulation  ralra 
poaition  ia  record¬ 
ed  by  obaarrer. 
Banova  power  lead 
at  tha  modulation 
ralra. 


Observers 

Record  tine  for 
stabilisation  of 
adxad  air  tanper- 
ature  (thermo¬ 
couple  Mo.  9  and 
55).  Check  for 
reverse  flow  ia 
blowara  by  obser¬ 
vation.  Cheek 
inlet  air  tam¬ 
per  a  tore  to  one 
blower  (thermo¬ 
couple  Vo.  3). 

Check  affect  of 
transient  angina 
power  chang  aa  on 
both  defrost  aya- 
taas  and  stabili¬ 
sation  of  nixed 
air  aa  abora. 

I 

Check  affect  of 
blower  failure  on 
caaara  oonpartnant 
defroat  ayatea, 
reverse  flow 
through  blowara, 
time  raquirad  for 
overheat  to  occur, 
and  which  overheat 
device  actuated. 


Reoord  stabilised 
modulation  valve 
poaition  In  de- 

greaa  open. 
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Obaerrera 


Engines  Infirm 

To  Ba  Nun  Bl— d  Prea war*  Operators 

•  U  Increase  to  60  Increase  engine 

p»I  or  maximum  ponr. 
obtainable 


4 


BATAt  Ground 

-  (1) 

Brown  recorder  ON. 

?5b5errer 

(2) 

Fhotorecorder  on  1  per  1 

► 

(3) 

Oscillograph  ON. 

i 

i 

i 

(U) 

A-Jt  cameras  on  1  per  1. 

Chock  for  reverse 
flow  through  blowers 
by  observation  wad 
record  tins  for  on 
ororheot  to  occur 
(tin*  for  actuation 
of  dofroot  failure 
light  lit  on  J72 
cuwrt  compartment 
air  conditioning 
panel),  and  vhioh 
orerheat  derioe 
actuated  (time- 
temperature  record¬ 
ing  of  air  tespera- 
ture  near  duct  over¬ 
heat  thermal  witch- 
thermocouple  No.  9), 
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Thi»  Plan  of  Tort  applicable  to  Navigator'!  Co*partaant  Defrost 

Sy,t“  t?eokout 


PLAN  OF  TEST  . 

kat  FI  LAY 

<J»  Qoodeli 

.  scmfd.  sate  2-3-5U  day  Wedfle*d*y 

2nd!  FI  LOT 

C.  R.  Graffr 

CMFEinCE  rime 

NAYIGATGB 

.  G.  Simons 

TAKEOFF  Timf  . 

G.W.  lil7.00C 

Lbs.  c.B.  18£  MAC  VJ}.« Ft acc;  Wichita.  Kansas 

*  Approximate 

CONTOURATION: 

In  accordance  with  the  airplane  General  Configuration  List  for  the  RB-U75*  airplane 
A?  51-5258,  presented  in  Document  WD-13bOO-23J  dated  December  1 5,  1 ?53,  with  the 
following  revisions  and  items  pertinent  to  these  tests: 


per  Drawings  5-U5625  and  5*^5626  to  simulate  the  latest  production  con¬ 
figuration  of  the  airplane. 

a.  To  include  a  cabin  air-moisture  separatpr  per  Drawing  5-^2616  with 

an  electronic  temperature  control -system  to  maintain  a  35'  F»  cooling 
unit  discharge  temperature,  which  replaces  the  pneumatic  tonperattire 
control  system  on  the  cabin  cooling  unit. 

b.  A  modified  anti-icing  by-pass  valve,  S/ff  13-169,  actuator  S/N  13-173, 
on  the  cabin  air  conditioning  system  cooling  unit  with  a  full  open 
position  of  30*  replacing  the  original  10-1078-7  valve  with  a  full 
open  position  of  h7#5*  per  EEC  070307* 

c.  With  the  camera  compartment  air  conditioning  system  incorporating 
the  10-319-^07  cooli;ig  unit  and  pneumatic  control  system. 

All  electricau  and  electronic  equipment  normally  installed  in  these  com¬ 
partments  installed  and  operable  with  the  following  exceptions: 

a.  Hand  control  antenna,  indicator  control,  and  control  box  removed  from 
the  A -5  fire  control  system  aft  of  the  co-pilot's  citation. 

b.  Electrical  heating  elements,  encasod  strip  ty  o,  mounted  in  the  camei’a 
compartment  to  simulate  the  heat  output  of  the  univursal  earners  control 
system. 

(1)  3,000  watts  approximately  evenly  distributed  across  the  electrical 

•  equipment  shelf  of  the  rear  of  the  compartment. 


(  ) 
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(2)  5 00  watts  at  the  vertical  camera  station. 

(3)  2$Q  watts  at  the  split-vertical  camera  station. 

(U)  2$0  watts  at  the  tri-camera  station. 

3.  Standard  photo-reconnaissance  cameras  removed  and  the  following  teat  cameras 
installed  to  photograph  an y  frost  on  the  camera  windows. 

a.  four  A-U  cameras  in  the  camera  co^artment,  one  each  for  the  windows 
at  the  vertical  station,  split-vertical  station,  L.H.  light  detector, 
end  two  of  the  windows  at  the  tri-met  station. 

b.  One  k-h  camera  in  the  tail  compartment  (NESA  panel). 

c.  One  k-h  camera  for  the  forward  oblique  station  and  nose  windows. 

d.  One  06AP  camera  (l6m)  for  the  viewfinder  window. 

e.  One  cine* -special  (16*»  hand  held)  camera  for  navigator  or  observer. nT^>- 

U.  Instrumentation  to  record  data  requested  on  Outline  for  Plight  Test, 

Reference  0-708* 

•  a.  Brown  recorder  to  record  all  pertinent  temperatures  except  wet-bulb 
readings. 

b.  Photorecorder  to  record  all  pertinent  pressures. 

c.  Oscillograph  to  record  the  dry-bulb  and  wet-bulb  tenperatures. 

5.  Revised  air  inlet  to  alternator  on  Engine  No.  1,  consisting  of  a  revised 

outboard  accessory  done  utilising  a  baffled  nose-cone  plenum  chamber  with 

a  flanged  right  angle  six  inlet  adapter  installed  per  WFT-72U,  EEO  27588B. 

% 

6.  Interphoae-n&crophone ■  switch  on  pilot's  and  co-pilot’s  control  wheels 
modified  per  ECP  212$M  to  reduce  the  switch  pre-travel. 

TEST i  Contract  AP33(600)-5lii8  (708,  72U,  671,  776) 

MMMW 

Purposes  t  (1)  To  acconqplioh  an  airplane  checkout. 

(2)  To  verify  the  reliability  and  operational  characteristics  of  . 
the  RB-U7E  camera  oo apartment  air  conditioning  system. 

(3)  To  verify  the  reliability  and  operational  characteristics  of 
the  portions  of  the  RB-UTE  cabin  air  conditioning  system  which 
are  different  from  the  B-U7E  system. 
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(U)  To  functionally  tost  the  operation  and  adequacy  of  the 

electronic  temperature  control  systa*  rersus  the  pneumatic 
y  tei|>erature  control  system  for  the  cabin  and  compartment 

'  cooling  unit#. 

(5)  To  determine  if  the  inlet  air  moisture  separator  for  the 
20  K7A  alternator  mill  reduce  the  moisture  in  the  cooling 
sir  sufficiently  to  eliminate  fluctuating  output  AC  voltage 
and/or  reversal  of  alternator  exciter  polarity  when  opera¬ 
ting  in  a  moisture-laden  atmosphere* 

(6)  To  determine  if  existing  drain  seals  and/or  drains  are 
adequate  to  prevent  harmful  quantities  of  mater  from  enter¬ 
ing  or  collecting  in  various  airplane  compartments. 

(7)  To  determine  whether  interphone-microphone  switch  modifica¬ 
tions  have  reduced  the  force  requirseiant  for  actuation  of 
the  switch  to  the  point  where  the  installation  is  satis¬ 
factory. 

Airplane  and  Instrumentation  Checkout 

An  airplane  checkout  to  the  pilot's  satisfaction  shall  be  accomplished  and  shall 

include  the  items  listed  below.  The  electrical  heating  elements  shall  not  be 

installed  in  the  camera  compartment  for  this  checkout  flight  only. 

a.  Trim  coordination  check. 

b.  Cabin  presaurisation  check.  , 

c.  Cabin  depressurization  check. 

f 

d.  MSk  windshield  defrost  system  check. 

e.  With  the  cabin  camera  oo apartment  air  conditioning  systems  ON,  perform  the 
following  conditions  * 

(1)  Stabilized  straight  and  level  flight  for  30  seconds  with  both  Brown 
recorders  ON  (cycling  on  all  banks),  the  oscillograph  ON,  and  during 
this  30  seconds  both  photorecorders  shall  be  'operated  fbr  1 $  seconds 
at  1  per  1,  and  5  per  1. 

(2) .  A  5,000-foot  descent  or  climb  while  operating  both  Brown  recorders 

(cycling  on  all  banks),  oscillograph,  and  the  photorecorders  on  1 
per  1. 


f.  With  the  cabin  and  a 
conditions  listed  in 


camera  compartments  defrosting  systems  ON,  psrform  thsfP^s* 
n  "e"  above.  ^ 
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DATA  I  Pilot 


Co-Pilot 


Jjarijjator 


(1)  Altitude,  IAS,  ooumtsr  mufcere. 

(2)  Pertinent  ooMiBts, 

(1)  Operate  the  instrumentation  as  outlined  abore# 

(2)  Comments. 

(1)  Operate  the  systems  as  outlined  above. 

(2)  Comments. 


i: 


Oeneral  Notes  for  all  Air  Condi  tiordngJTest  Iteme 

Prior  to  this  flight  test,  the  airplane  shall  be  completely  functionally  tested 
per  applicable  sections  of  D-9700,  "Functional  Test  Requirements  and  Procedures, 
Model  B-U7"  and  also  in  accordance  with  Plan  of  Test  5-1  for  Ihe  pertinent  ground 
tests.  ' 

(  1  In  order  to  obtain  a  heat  balance  for  this  test  it  will  be  necessary  to  turn  on 

the  radio  when  first  entering  the  airplane  and  report  the  turning  on  or  off  of 
any  electrical  equipment  and  at  what  counter  number. 


i 

i 

D 


Since  it  is  necessary  to  conduct  the  entire  air  conditioning  test  in  the  sequence 
listed  and  since  all  test ‘Conditions  aust  be  completed  in  order  to  simulate  a 
mission,  the  following  switch,  control,  and  selector  positions,  and  other  perti¬ 
nent  designations  apply  to  all  the  conditions  of  the  air  conditioning  test, 
except  when  noted  otherwise: 


a.  Both  the  cabin  and  camera  compartment  master  switches  OR. 


b. 


The  cabin  and  camera 


compartment  defrosting  systems  operating. 


\ 


c.  The  cabin  and  camera  compartment  temperature  controls  each  set  in  the  AUTO 
position  (in  the  region  of  60*  F.  to  70*  F.  selection  for  the  cabin  conpart- 
ment). 

rr 

d.  The  navigator’s  asnual  control  valve  Ibr  nose  defrosting  in  the  OH  positionT 


e.  The  cabin  pressurization  selection  on  CONFESSED  AIR. 


f.  The  weaponeer’s  crew  station  outlet  to  BOTH  OFF. 

g.  Other  crew  station  outlets  at  the  same  selection  as  selected  by  the  pilot. 

h.  The  heat  distribution  mixing  box  handle  in  the  maximum  position  to  increase 
the  temperature  of  the  lower  outlets. 


<  ) 

(  J 


1.  The  RPM  on  all  engines  maintained  within  oo«  percent  of  one  another. 
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2*  Normal  Rated  CliA  to  Approximately  1|0,000  Feet  Altitude 

With  selections  as  specified  in  the  general  notes,  and  with  all  camera  doors 
closed,  make  a  normal  rated  climb  to  Maximum  range  cruise  altitude  (approxi¬ 
mately  1*3,000  feet), 

DATA?  Pilot  -  (1)  Prior  to  starting  the  climb,  report  cloud  coverage 

*”  and  degree  of  sun  penetration, 

(2)  Airplane  altitude,  IAS,  cabin  altitude,  OAT,  %  RPM, 
and  coordination  counter  numbers  at  5,000-foot  altitude 
increments, 

(3)  Electrical  or  electronic  equipment  operation. 


(U)  Observation  of  and  comments  ont 


(a)  Issuance  of  moisture  forms  from  cabin  air  out¬ 
lets  during  operation  of  the  cabin  water  separator, 
particularly  during  changes  of  engine  RPM. 

(b)  Frosting  or  fbgging  of  the  oanopy  and  coordi¬ 
nation  number  at  occurrence, 

(c)  Indications  of  instability  of  cabin  pressure 
or  temperature, 

(d)  Any  other  objectionable  features  of  the  cabin 
air  conditioning  system. 

0oj-Pilot_  -  (1)  Right  and  left-hand  photoreoorder  on  1  per  10; 

”*  Brown  recorder  ON  (stepping  Switch  1,  Bank  A  and 

stepping  Switch  U,  Bank  B)j  oscillograph  ON. 

(2)  Calibrate  the  oscillograph  every  10  minutes  for  3 
seconds. 


(3)  Electrical  or  electronic  equipment  operation. 


(Ii)  Observation  of  and  cownents  on: 


(a)  Issuance  of  moisture  forms  from  cabin  air 
outlets  during  operation  of  the  cabin  water 
separator,  particularly  during  changes  of 
engine  RPM. 

(b)  Frosting  or  fogging  of  the  canopy  and  coordi¬ 
nation  number  at  occurrence. 


(c)  Any  other  objectionable  features  of  the  cabin 
air  conditioning  system. 
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lUTijgator  -  (l)  Monitor  4|o  earner*  compartment  temper ature, 

(2)  Electric*}  cr  electronic  equipment  operation. 

* 

(3)  Ohservatirn  of  a  ad  coaments  oru 

(a)  Issuance  of  moisture  forma  fro*  the  cabin  air 

outlets  during  operation  of  the  water  separator, 
particularly  during  changes  of  engine  RPM. 

j  .  (fc)  Any  other  objectionable  features  of  the  cabin  air 

<  conditioning  system-  • 

Simulation  of  Wo  Camara  Compartment  Air  Conditioning  Unit  at  Maximum  Range  > 
Cruise  Condition 


With  selections  as  specified  in  tha  Osneral  Notes,  and  with  all  camera  doors 
closed,  establish  a  maximum  range  cruise  flight  condition  of  altitude  and  Mach 
-75.  After  a  one-hour  cold-eoak  period,  turn  on  the  electrical  heater  elements 
in  the  oaqpartment.  After  two  minutes,  tarn  off  the  camera  compartment  master 
switch,  but  leave  the  compartment  defrost  on.  Fly  with  this  configuration  until 
the  heater  elements  have  been  on  for  30  mimutes,  unless  the  compartment  tempera¬ 
ture  exceeds  165*  F.,  in  which  event  the  heaters  are  to  be  turned  off  and  the 
compartment  cooled  Immediately.  If  tha  compartment  temperature  does  not  exoeed 
165*  F.,  after  tha  30  minutes  have  expired,-  turn  on  the  camera  compartment 
master  switch  and  the  heating  elements  off. 


DATAj  Pilot 


Co-Pilot 


(  I 


-  (1)  Airplane  altitude,  IAS,  compartment  temperature, 

OAT,  %  RPM,  and  coordination  counter  numbers  every 
5  minutes. 

(2)  Electrical  or  electronic  equipment  operation. 

(3)  Observation  and  comments  as  in  Item  2,  data. 

Paragraph  U. 

-  (l)  Right-hand  photorecorder  OFF;  left-hand  photorecorder 

on  1  per  10  except ^1  per  1  during  the  period  from 
immediately  before  the  air  conditioning  system  is 
turned  off  until  10  minutes  thereafter}  Brown 
reoorder  ONj  oscillograph  ON  during  the  first  10 
minutes  of  ths  cold-soak  period,  OFF  during  the 
rest  of  the  condition. 

(2)  Calibrate  the  oscillograph  for  3  seconds  just  before 
turning  it  off. 

(3)  Electrical  or  electronic  equipment  operation, 

(U)  Observation  and  carmenis  as  in  Item  2,  data, 
Paragraph  U. 
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Navigator  -  (X)  Monitor  the  camera  compartment  temperatures. 

1  i 

(2)  Electrical  or  electronic  equipment  operation* 

(3)  Observation  and  conewnte  as  in  Item  2,  data, 

\  Paragraph  3» 

U.  Iligfrt  at  Maximum  Range  Cruise  Altitude  (Approximately  1+0, 000  Feet) 

With  selections  as  specified  in  the  General  Motes,  “open  the  camera  compartment 
camera  doors  and  establish  a  maxiaim  range  cruise  flight  condition  of  altitude 
and  Mach  .7?  until  compartment  conditions  are  stabilised  (minimum  of  30  minutes). 


Pilot 

-  (1) 

At  the  start,  middle,  and  end  of  condition,  report 
cloud  coverage  and  degree  of  sun  penetration. 

(2) 

Airplane  altitude,  IAS,  cabin  altitude,  cabin  tem¬ 
perature,  OAT,  %  RPM  and  coordination  counter 
numbers  every  5  minutes. 

(3) 

Electrical  or  electronic  equipment  operation. 

(U) 

Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  U. 

Co-jPilot_ 

-  (1) 

Rigfrt-hand  photorecorder  on  1  per  10;  left-hand 
photorecorder  on  1  per  10  during  first  2$  minutes 
of  stabilization,  then  1  per  1  during  the  last  5 
minutes ;  Brown  recorder  ON;  and  oscillograph  ON. 

(2) 

Calibrate  oscillograph  every  10  minutes  for  3 
seconds. 

(3) 

Electrical  or  electronic  equipment  operation. 

(U) 

Observation  and  comments  as  in  Item  2,  data,  Para¬ 
graph  iu. 

• 

Navigator 

-  (1) 

Tenperature  readings  from  the  camera  compartment, 
TC  22,  and  TC  69  every  60  seconds. 

(2) 

Electrical  or  electronic  equipment  operation. 

(3) 

Counter  number  when  camera  doors  are  opened. 

• 

(U) 

A 

Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  3. 
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5.  Maximum  Rated  Descent  Trow  1x0,000  Feet  Altitude 

With  selections  as  specified  in  the  General  Motes  except  RPM  (see  below),  close 
the  camera  compartment  camera  doors  and  Mice  a  maximum  rated  desoent  frow  1x0,1350 
feet  to  approximately  1,000  feet  abcnre  the  surrounding  terra!  n.  Engines  are  to 
be  held  at  approximately  Idle  power  Accept  as  necessary  to  avoid  low  frequency 
warnings  from  the  alternators  on  Engines  No.  1  and  Vo.  6. 

Prior  to  starting  and  after  completing  the  descent, 
report  cloud  coverage  and  degree  of  sun  penetration. 

Airplane  altitude,  IAS,  cabin  altitude,  cabin  tem¬ 
perature,  OAT,  %  R.PK,  coordination  counter  numbers 
at  5,000- foot  altitude  decrements. 

Electrical  or  electronic  equipment  operation. 

Observation  and  cowman ta  as  in  Item  2,  data.  Para¬ 
graph  U. 

Right-hand  photorecorder  on  1  per  1;  left-hand 
photorecorder  on  1  per  10;  Brqwn  recorder  OK; 
oscillograph  ON. 

Observation  and  contents  as  in  Item  2,  data.  Para¬ 
graph  it. 

Monitor  the  camera  coiipartment  tenperature. 

Electrical  or  electronic  equipment  operation. 

Counter  number  whan  doors  are  closed. 

Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  3. 

6.  Level  Flight  at  Low  Altitude 

With  selections  as  specified  in  ths  General  Notes,  open  the  camera  compartment 
camera  doors  and  perform  level  flight  at  approximately  1,000  feet  above  the 
surrounding  terrain  at  the  allowable  maximum  RPM  and  also  at  the  allowable 


minimum  RPM. 

,  t 

Gear 

Flap 

Condition 

Requirement 

Po  sition 

Position 

a 

l 

Maximum  RPM  for  10  minute* 

Down 

Up 

b 

Minimum  RPM  for  10  minute  a 

Up 

Down* 

*  Pilot* s  option 

on  flap  position. 

• 
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DATA:  Pilot 


-  (1) 


(2) 


Oo -pilot  -  (iy 


(2) 


Navigator 


(1) 

(2) 

(3) 

(U) 


-  9  - 

DATA.*  Pilot  '  -  (1)  At  the  end  of  the  condition,  report  cloud  coverage  and 

”  degree  of  son  penetration. 

(2)  Airplane  altitude,  IAS,  OAT,  %  RPM,  coordination 
counter  numbers  once  a  minute  during  each  speed  run. 

(3)  Electrical  or  electronic  equipment  operation. 

(U)  Observation  and  coments  as  in  Item  2,  data.  Par  a- 
'  graph  U. 

Co-Pilot_  -  (1)  Right-hand  photorecorder  on  1  per  lj  left-hand  photo- 

—  recorder  on  1  per  10  for  the  first  7  minutes  of  each 

condition  and  on  1  per  1  during  the  last  3  minutes  of 
each;  Brown  recorder  ONj  oscillograph  ON. 

(2)  Calibrate  oscillograph  every  10  minutes  for  3  seconds. 

(3)  Electrical  or  electronic  equipment  operation. 

(U)  Observation  and  consents,  as  in  Item  2,  data.  Para¬ 
graph  it. 

Navigator  -  (1)  Monitor  the  camera  compartment  temperature. 

(2)  Electrical  or  electronic  equipment  operation. 

(3)  Counter  number  when  doors  are  opened. 

(U)  Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  3. 

7  •  Normal  Rated  Climb  to  15,000  Teet  Altitude 

With  selections  as  specified  in  the  General  Notes,  close  the  camera  conpartment 
camera  doors  and  make  a  normal  rated  climb  to  15,00$  feet. 

DATA:  _Pilot  -  (1)  At  the  end  of  the  condition,  report  cloud  coverage 

and  degree  of  sun  penetration. 

(2)  Airplane  altitude,  IAS,  OAT,  %  RPM,  and  coordination 
counter  numbers  at  5,000-foot  altitude  incidents. 

(3)  Electrical  or  electronic  equipment  operation. 

i  (U)  Observations  and  comments  as  in  Item  2,  data.  Para¬ 

graph  U. 
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Co-Pilot_ 


i 


Navigator 


(1)  Right-hand  photorecorder  on  1  per  lj  left-hand  photo- 
recorder  on  1  per  10;  Brown  recorder  ON;  oscillograph 
OH. 

(2)  Electrical  or  electronic  equipment  operation. 

(3)  Observation  and  comments  aa  in  Iten  2,  data.  Para¬ 
graph  U. 

(1)  Monitor  the  camera  compartment  tenperature. 

(2)  Electrical  or  electronic  equipment  operation. 

(3)  Observations  and  comments  as  in  Item  2,  data.  Para¬ 
graph  3. 

(It)  Counter  nuatoer  when  the  doors  are  closed. 


8.  Lsvel  Flight  at  15,000  Feet  Altitude 

With  selections  as  specified  in  the  Qeneral  Notes,  open  the  camera  compartment 
camera  doors  and  perform  level  flight  to  accomplish  the  following  conditions: 


\ 


Condition 


Requirement 


a 

b 

c 


Level  flight  at  intermediate  RPM  for  10  minutes. 
Level  flight  at  maximum  RPM  for  10  minutes. 

Level  flight  at  mininom  RPM  for  10  minutes. 


DATA:  Pilot 

-  (1) 

During  Condition  b  and  at  the  end  of  Condition  c, 
report  cloud  coverage  and  degree  of  sun  penetration. 

(2) 

Airplane  altitude,  IAS,  cabin  altitude,  cabin  tempera¬ 
ture,  OAT,  %  RPM,  coordination  counter  numbers  three 
.times  during  each  condition. 

(3) 

Electrical  or  electronic  equipment  operation; 

(h) 

Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  u. 

.  •  Co-Pilot 

-  (1) 

Right-hand  photorecorder  on  1  per  lj  left-hand  photo-' 
recorder  on  1  per  10  during  first  7  minutes  of  each 
RPM  run,  and  on  1  per  1  during  the  last  3  minutes  of 
each;  Brown  reoorder  ON;  oscillograph  ON. 

(2) 

Calibrate  the  oscillograph  every  10  minutes  for  3 
seconds.  , 

(3) 

Electrical  or  electronic  equipment  operation. 
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K»rif»tor 


(li)  Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  U. 

(1)  Monitor  the  camera  ooiqpartment  temperature. 

(2)  Electrical  or  electronic  equipment  operation. 

(3)  Counter  nuaber  itien  doors  are  opened. 

(li)  Observation  and  cements  as  in  Item.  2,  data.  Para¬ 
graph  3 « 


9*  Majdanm  Rated  Descent  from  15,000  Feet  Altitude  and  Immediate  Landing 

With  selections  as  specified  in  the  General  Notes,  except  RPM  (see  below),  close 
the  camera  compartment  camera  doors  and  make  a  maximum  rated  descent  from  l*>,ftfl6 
feet  altitude  to  traffic  altitude  and  land  as  soon  as  possible  after  the  pull-out. 
Engines  are  to  be  held  at  approximately  idle  power  except  as  necessary  to  avoid 
low  frequency  warnings  from  the  alternators  on  Engines  No.  1  and  No.  6. 


DATA*  Pilot 


Co-Pilot 


Navigator 


(1)  After  the  pull-out,  report  cloud  coverage  and  degree 
of  sun  penetration. 

(2)  Airplane  altitude,  IAS,  cabin  altitude,  OAT,  %  RPM, 
and  coordination  counter  numbers  at  5,000-foot  altitude 
decrements. 

(3)  Electrical  or  electronic  equipment  operation. 

(li)  Ctoaervation  and  comments  as. in  Item  2,  data.  Para¬ 
graph  h. 

(1)  Right  and  left-hand  photorecorder  on  1  per  10}  Brown 
recorder  ONj  oscillograph  ON. 

(2)  Calibrate  the  oscillograph  after  the  pull-out  and  after 
the  landing  for  3  seconds. 

(3)  Electrical  or  electronic  equipment  operation. 

(li) _ Observation  and  coisnonts  as  in  Item  2,  data.  Para¬ 
graph  U. 

(1)  Monitor  the  camera  compartment  tenperature.  ' 

(2)  Electrical  oY  electronic  equipment  operation. 

(3)  Counter  number  when  camera  doors  are  closed, 

(li)  Observation  and  comments  as  in  Item  2,  data.  Para¬ 
graph  3. 
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10,  Alternator  Air  Inlet  Water  Separator  Teat 


In  order  to  evaluate  the  alternator  water  aeparator  Installed  on  Engine  No,  1 
fly  the  airplane  through  rain  as  heavy  as  safety  of  flight  will  permit,  varying 
the  airplane  speed  within  safe  Units, 


Condition 


Requirement 


i 


a 

b 

DATA:  Pilot 

Co-Pilot 


Flight  at  lower  safe  speed  limit. 

Flight  at  upper  safe .  speed  limit, 

* 

(1)  Intensity,  duration  and  time  of  rainfall, 

(1) ’  Oscillograph  ON. 

(2)  Urnsual  operation  or  malfunction  of  either  alternator, 
and  time  of  occurrence. 


11.  Raintlghtnees 

The  rain  tightness  of  the  RB-U71  airplane  shall  be  investigated  during  flight 
operation:  Fly  the  airplane  in  a  heavy  rain  with  the  crew  coapartment  urpret- 
surised  fbr  a  sufficient  length  of  time  (Neximum  >30  minutes)  to  thoroughly 
check  for  water  tightnaaa. 

NOTE:  Immediately  after  landing  inspect  the  airplane  for  leakage  and  trapped 
water,  using  procedure  ae  nailed  for  in  the  ground  test  conditions 
(Paragraph  B  of  the  outline  of  the  teat). 


Particular  note  should  be  made  of  any  cases  where  the  leakage  found 
may  adversely  affect  the  service  life  of  any  part  of  the  airplane  or 
its  components , 


DATA:  ‘Pilot  -  (1) 

(2) 

(3) 

Co-Pilot_  -  (1) 

Navigator  -  (1) 

Technics!  -  (1) 

Observer"" 
J0roun3)~  (2) 


Qeneral  comments  on  r&intlghtnesa. 

Time  of  flight  in  rain. 

IAS,  altitude,  and  OAT. 

Oenaral  comments  on  raintlghtnees. 

General  comments  on  raintlghtnees  of  the  escape 
hatch  and  nose  canopy. 

Amount  and  location  of  trapped  watsr. 

General  comments  on  raintightness. 
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•  foterphone-MjcropHone  Switch  Operation 

Evaluate  the  witch  operation  daring  norwCL  fli^t  operation. 

DATA:  Pilot  -  (1)  Switch  actuating  force  (whether  there  is  any  decrease 

“  over  the  previous  production  configuration  in  the 

required  effort). 


(2)  Desirability  of  knurling  on  button. 

(3)  Effect  on  (lore  wear  and  thusfc  fatigue. 
Co-Pilot_  -  (1)'  Sane  aa  for  the  pilot. 


CAtC 
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*M 

KM 

* 
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This  fllan  of  Test  i»  ^-1  through  ^4  ineluiivt 

*  «  *s  *■-«*-»*  a  •  *■ 

FLINT  TEIT  SECTION 
PLAN  OF  TCST 


'  "T\  .■;■»  i 


M  NUT  c,  <raffr 

MATIOATOKi  (I.  Simons 


.Kao.  MTK _ i 

.ewomcc  THU 
.TtttfFF  TIMI  _ 


•  Wichita.  Kansas 


with /the  airplane  General  Configuration  List  for  tha  ©4*7*,  sir- 
ESm»  presaatmd  is  Doommmct  ^0-1^1*00-23*  dated  Deoamber  15,  1953,  w 
revisions' And  itens  pertinent  to  thasa  tastst 


141 S  8 
Js*| 

|S| 

sin 


Air  ootafcUAonlng  aysteme  abd  defroet  ayateqe  inetallod  in  tha  cabin  and 
<*aere  mpmurthamts  par  Dranlnfs  5466#  and  £4*5626  to  almlata  tha 
lateet  prediction  configuration  of  tha  airplane. 

,  m*  -  ('To  imlntlo  a  oabin  air  molatnro  separator  par  Drawing  5-626x6  with 
an  alas  tragic  temperature  control  system  to  Maintain  a  35*  F.  cool— 
lag  unit  discharge  teaperatora,  which  raplacas  tha  pnaunatic  tem- 
paratara  control  spate*  an  tha  cabin  ceeling  unit. 

h.  tha  aamara  compartment  oeoling  emit  operatise  and  tha  camera  compart- 
Shot  te operators  selector  adjnrtad  to  maintain  a  compartment  tampera- 
tsra  of  TO*  F,  HD*.  ;; 


All  electrical  and  electronic  equipawnt  normally  installed  in  thaaa  com¬ 
partments  installed  and  e parable  with  tha  following  azsaptionr 

Standard  photo-reeoanaiseanoe  cameras  renewed  and  tha  following  teat 
cameras  installed  to  photograph  any1  froat  on  tha  oamara  wlndowa. 


a.  Four  a4*  earner ai  in  tha  oamara  compartment,  one  each  for  tha  windows 
at  tha  vertical  station,  spUt-wertical  station,  L.H.  li£it  da  tea  tor, 
and  two  af  tha  wisdoms  at  thf  l^ri-net  station. 

b.  One  i4*  oamara  in  tha  tail  oonpartment  (KBS A  panel) . 

t 

c.  One  A4*  oamara  for  tha  forward  oblique  station  and  ooaa  windows. 

d.  One  QSAP  camera  (l6mm)  for  tha  viewfinder  window. 

a.  One  cine-epeoial  (l&ma  hand  held)  oamara  for  navigator  or  observer. 


L 
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Electrical  heating  elements,  encased  strip  type?  Mounted  in  the  camera 
•  '  compartment  to  simulate  the  heat  output  of  the  universal  camera  control 

'  system. 

(  '  a.  500  watts  at  the  vertical  camera  station. 

b.  2$0  watts  at  the  split- vertical  camera  station. 

0.  2^0  watts  at  the  tri-camera  station. 

3.  InetrUMMitation  to  record  data  requested  on  Outline  for  Flight  Test, 
Reference  0-709,  Rev.  A. 

a.  Brown  recorders  to  record  all  pertinent  temperatures  except  humidity 
readings . 

b.  Rio to recorder  to  record  all  pertinent  pressures. 
c«  Oscillograph  to  record  humidity  tempeVatures . 

{  )  TBtti  Contract  AF33 (600) -5 Hi8  (709,  671) 

Purposes:  (1)  To  verify  the  adequacy  and  operational  characteristics  of  the 
following  specific  installations  on  the  RB-U7E. 

(a)  Defrosting  air  temperature  control  system  (crew  and 
camera  compartments) . 

(b)  Defrosting  air  distribution  system  (crew  and  camera 
compartments) . 

(c)  Camera  ventilation  systems  (crew  compartment  only), 

(d)  NE^A  window  for  camera  control  units  (Section  U3 

^  ^  compartment) . 

(2)  To  determine  if  existing  drain  seala  and/or  drains  are 

adequate  to  prevent  harmful  quantities  of  water  from  enter¬ 
ing  or  collecting  in  various  airplane  compartments. 

General  Co*menta_-_Crew  and  C a mera_Co a^artinent_De frost  System 

Since  it  is  necessary  to  conduct  the  defrosting  test  in  the  order  listed,  and 
since  all  of  the  following  test  conditions  must  be  completed  in  order  to  sim¬ 
ulate  a  mission,  the  following  comments  are  pertinent  to  the  entire  flight: 

(a)  Prior  to  fli^it  test,  the  defrosting  systems  and  the  camera  accessories 
NSSA  panel  shall  be  functionally  tested  per  applicable  sections  of 
D-9700,  and  per  Ground  Testa  5-u  and  £-6. 


*  3  - 

(b)  The  defrosting  system  should  be  fli#*t  tested  on  day*  when  higi  dew  point 
temperatures  «re  encountered. 

(c)  Atomspheric  dew  point  data  for  various  altitudes,  at  approximately  the 
same  time  as  the  test  is  to  be  performed,  will  be  obtained  from  the  U.S. 
Weather  Bureau  at  Wichita,  Kansas  by  the  ground  observer. 

(d)  A  normal  cabin  pressure  schedule  will  be  maintained  througiout  the  test. 

(e)  The  cabin  temperature  control  should  be  set  on  automatic  and  at  approxi¬ 
mately  60  degrees  to  70  degrees  Fahrenheit. 

(f)  Both  weaponeers  air  outlets  should  be  turned  off  and  all  other  crew  se¬ 
lector  knobe  set  in  the  same  position  as .that  selected  by  the  pilot. 

(g)  During  the  entire  flight,  both  defrost  systems,  camera  accessories  NESA 
panel.  Brown  recorders,  and  intervalomster  will  be  turned  on* 

(h)  The  observer  will  be  prepared  to  photograph  any  frost  or  fogging  of  the 
navigator's  side  windows  with  a  cine  special  camera. 

1.  Normal  Rated  Climb  to  Approximately  U0,000  Feet  Altitude 

With  the  configuration  listed  under  "General  Comments"  and  with  the  camera 

window  cover  doors  and  the  viewfinder  door  closed,  make  a  normal  takeoff 

and  a  normal  rated  climb  to  the  altitude  required  to  establish  a  maximum 


range  cruise  condition. 

DATA:  Pilot 

Cl) 

Altitude,  IAS ,  OAT,  %  RPM,  and  counter  number 
at  5, 000- foot  increments  of  altitude. 

(2) 

Consents  pertinent  to  defrosting. 

Co-Pilot_  - 

CD 

Brown  recorders  ON. 

(2) 

Oscillograph  ON. 

(3) 

Right  and  left-hand  photorecorders  ON  1  frame  per 
10  seconds. 

Navigator  - 

CD 

Camera  compartment  temperature  at  5,000-foot 
increments  of  altitude. 

(2) 

Counter  number  wtjen  defrost  system  is  turned  ON. 

2.  Level  Fll#it  at  Approximately  U0,000  Feet  Altitude 

With  the  configuration  listed  under  "General  Comment* ",  establish  a  maximum 
range  cruise  condition  (89jt  RFH,  approximately  ,7U  Mach) ,  and  maintain  for 
2.5  hours.  The  HPM  on  all  engines  should  be  maintained  within  one  percent 
of  one  another. 
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Om  hour  after  starting  this  condition,  the  observer  will  open  the  camera 
window  cover  doors  end  the  viewfinder  door  for  e  period  of  25  Minutes.  After 
the  25 -«inute  period  the  doors  will  be  closed  for  the  remaining  period  of  one 
hour  end  five  Minutes.  The  electrical  heating  elements  in  the  oanara  compart¬ 
ment  will  be  turned  ON  5  minutes  before  opening  the  camera  window  cover  doors 
end  viewfinder  door  end  remain  ON  for  a  period  of  30  minutes. 


DATA i  Pilot 


Co-Pilot 


(1)  Altitude,  IAS,  %  RPK,  OAT,  end  counter  number  every 
10  minutes. 

|2)  General  consents  on  defrosting. 

(1)  Both  Brown  recorders  ON. 

(2)  Oscillograph  turned  OPT  5  mimtes  after  leveling 
off,  ON  Just. prior  to  opening  the  camera  doors, 

OFF  5  minutes  after  the  camera  doors  are  closed, 
and  ON  5  minutes  before  descent. 


JJarijator 


(3)  Rigit-hand  photorecorder  ON  one  frame  per  10 

seconds  after  leveling  off,  one  frame  per  second 
when  the  camera  doors  are  opened  until  5  minutes 
after  the  doors  are  doled,  one  frame  per  10 
seconds  until  5  minutes  before  descent,  and  then 
one  frame  per  second. 

(b)  Left-hand  photorecorder  ON  one  frame  per  10  seconds. 

(1)  Camera  compartment  temperature.  •' 

.  (2)  Time-temperature  history  of  Thermocouples  No.  22 
and  No.  69  every  100  counter  numbers  until  steady 
state  is  reached  during  the  period  after  level 
off  at  cruise  altitude  and  after  the  camera  window 
cover  doors  and  viewfinder  door  are  dosed. 


(3)  A-b  cameras  ON  one  frame  per  10  seconds  during 
the  period  the  camera  doors  are  opened  until  5 
minutes  after  the  doors  are  closed.  Five  minutes 
before  letdown,  turn  the  A-b  cameras  OM  one  frame 
per  10  seconds. 

(b)  Counter  number  when  doors  are  opened  and  closed 
and  vt^n  heat  load  is  turned  ON  or  OFF. 

(5)  Qeneral  Comments  on  the  defrost  system. 


3.  Kart  mum  Rate  Descent  to  1,000  Feet  Altitude 


With  the  configurations  listed  under  "General  Coenents",  the  camera  window 
cover  doors  and  the  viewfinder  door  closed,  and  the  RPM  of  all  engines 
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maintained  within  one  percent  of  one  another.  Mice  a  maximum  rate  descent  to 
1,000  feet  above  the  surrounding  terrain. 

DATA;  Pilot  -  (l)  Altitude,  IAS,  OAT,  %  RPM,  and  counter  number  at 

start  of  descent  and  5j000-foot  increments  of 
altitude. 

(2)  Comments  pertinent  to  defrosting. 

Co-Pilot_  -  (l)  Brown  reorders  ON. 

(2)  Oscillograph  ON. 

(3)  Right-hand  photorecorder  ON  one  frame  per  second. 

(U)  Left-hand  photorecorder  ON  one  frame  per  10  seconds. 

Navigator  -  (l)  Record  counter  number  at  start  of  descent. 

(2)  A~U  cameras  ON  one  frame  per  10  seconds. 

(3)  Camera  compartment  temperature  at  5,000-foot 
increments  of  altitude. 

( h )  Electrical  heating  elements  turned  ON  at  approxi¬ 
mately  5,000  feet  altitude. 

(5)  Counter  number  when  heating  elements  are  turned  ON. 

(6)  General  comments  on  defrost  system. 


At  1,000  feet  above  the  surrounding  terrain  and  with  the  configurations  previ¬ 
ously  listed  under  "General  Comments",  open  the  camera  window  cover  doors  and 
the  viewfinder  door  And  establish  maximum  allowable  speed  for  15  minutes.  Upon 
completion  of  the  15-mLnute  period,  close  the  camera  window  cover  doors  and  the 
viewfinder  door  and  maintain  the  maximum  allowable  speed  an  additional  10  minutes 

HDTEt  The  engine  bleed  pressure  should  be  held  as  constant  as,,  possible  through¬ 
out  this  test. 

PAT A i  Pilot  -  (1)  Altitude,  IAS,  OAT,  %  RPM,  position,  true  heading, 

~  ~  and  counter  number  at  the  beginning  and  the  end  of 

the  speed  run. 

(2)  Consents  pertinent  to  defrosting. 
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t  C°-Ptl£t^  -  (1)  Ri  git-hand  photorecorder  ON  one  frame  per  second. 

(  (2)  Brown  recorders  OK. 

^  (3)  Oscillograph  ON. 

(h)  After  the  maximum  allowable  speed  conditions  (or  25 
ndnutes  aft,er  leveling  off)  at  1,000  feet  altitude, 
i  turn  the  right-hand  photorecorder  to  one  frame  per 

,,  >10  seconds  and  the  oscillograph  OFF. 

(5)  Left-hand  photoreic order  ON  one  frame  per  10  seconds. 

Kavijgator  -  (1)  Immediately  upon  leveling  OFF  open  the  camera  window 

~  ~  cover  doors  and  the  viewfinder  door  for  a  period  of 

15  minutes. 

(2)  After  the  15-ninate  open  period,  close  doors.  Heat  OFF 

/  j  (3)  A-L  cmeras  ON  one  frame  per  second  for  a  period  of 

v  25  minutes  after  leveling  off. 

(U)  Commfehts  on  the  defrost  System. 

i 

(5)  Counter  number  when  doors  are  opened  and  closed  and 
when  heating  elements  are  turned  OFF. 


The  rainti^itness  of  the  RB-U7B  airplane  shall  be  investigated  during  fllgit 
Operation:  Fly  the  airplane  in  a  heavy  rain  with  the  crew  compartment  unpres- 
'  surised  for  a  sufficient  length  of  time  (maximum  30  minutes)  to  thoroughly 
check  for  water  tightness* 

(  )■  *  MOTE:  Immediately  after  landing  inspect  the  airplane  for  leakage*  and  trapped 

water,  using  procedure  as  called  for  in  the  ground  test  conditions 
(Paragraph  B  of  the  outline  of  the  test) .  *  » 


Particular  note  should  be  made  of  any  cases  where  the  leakage  found 
nay  adversely  affect  the  service  life  of  any  part  of  tha  airplane  or 
its  components. 

DATA:  Pilot  -  (1)  Qeneral  comments  on  raintigitneas . 

(2)  Time  of  flight  in  rain. 

(3)  IAS,  altitude,  and  OAT.  1 

Co-Pilot  -  (1)  Qeneral  comments  on  raintightness. 
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SWrrijpktor  - 
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(1)  General  cowamte  on  ralntigitneee  of  the  eaoape 
hatch  and  not*  canopy. 

(1)  Anount  and  location  of  trapped  voter. 

(2)  Qenoral  comaanta  on  ralntl^ktnaaa . 
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Thin  report  par— note  tho  oalibratioa  of  tho  6*44394  Tonturi  which  wa 
— od  on  FS-47S  Airplane  Ut  51-529*  duri—  Flight  Too  t  WT-709. 

Tho  ▼— turl  mu  oatiafaotorily  oolibrotod  and  a  oure  doteml—d  —lag 
tho  flow  pamoter  |  rf  to*  prooooro  ratio  *a2  u  oho— i  on  Figaro  2 
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2.  laboratory  Mask  iootgaa— t  1307  -  OallbraUoa  of  6*44294  Vmtorl, 
S—o  Window  Rrtarior  Dafroot 

3.  WT  709  -  Oatliao  far  Flight  T— t  -  So—  And  Cum  C— part— at 
Defrosting  Spate*. 
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Calibration  of  this  venturi  in  necessary  to  provlda  air  flow  patrfova- 
anos  of  tha  l©-47*  noaa  window  exterior*  defrosting  ayata*  during  flight, 
AJTtar  calibration  of  tha  original  unit  had  baan  nade,  tha  airplane 
venturi  add  its  inatrvasantation  was  raplaoad  by  this  vanturl,  requir- 
ing  an  additional  calibration.  This  taat  is  for  tha  calibration  of  tha 
saaoad  systasu  Tha  original  syatea  was  oalibratad  as  raportad  in  Baf- 
aranoa  1. 


In  acoordanoa  with  tha  lastnasantatloa  raqpirananta  of  Rafaranoa  3, 
RB-47E  i r  51-5258  has  baan  instni— tai  par  Raftranoa  4  for  flight 
taat  WTT  709  (dafroatiag). 


aBflgmgi  at  nw  aricaga 


Tha  vanturl  oalibratad  during  this  taat  was  aads  aoaording  to  BAC 
Drawing  6-44294  with  tha  following  dlasnaionai 


Inlet  -  1.415  In. 


Throat  •  0.366  la. 


This  vanturl  la  us  ad  to  natar  air  for  tha  noaa  window  extarior  dafroat 
ayatan  on  tha  F®-47S  airplana. 
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lbs  sfuipswot  ussd  la  thi»  tost  is  listod  as  follows i 
1*  Altibuda  Ch— bar 

2.  Rotsnstsr  -  3  chut  is  sad  Koartiag,  JO-47-11-145 

3.  Ytnturi  6-44294,  with  FU#rt  TOst  InatrwataUsa 
4*  tfcnowstsr  Bask,  RjO,  Hg 

5*  T«n**ratur*  Isddsstor  -  Brows 
6.  Mrplans  Boots  for  Proper  Configuration 


9f  aboya  aqulpaoBt  wi  sst  up  ss  shows  in  Plgars  1.  Iks  Boots  Iwaadlataly 
pmsadlBg  ths  TSBtad  wars  asod  to  slaadats  alrplana  saaflgaratlsB  la  ordsr 

to  obtoia  airflows  atari  Tar  to  thoos  Obtains!  la  tbs  actual  alrplaao  la- 
stalls  tiozu 


lbs  air  flow  was  varied  frost  0  to  4  panada  par  Blasts  through  ths  vantwri 
at  stabiUsad  sltituds  lairroasstt  of  5,000  fast  fan  saa  lml  to  40,000 

fast.  Bandings  vara  takaa  fns  alovaa  praosora  ration  at  sash  altituds 
lisrasint*  Data  was  rsoardsd  as  raqoirad  to  dotandao  tbs  oalibratio* 
auras  for  this  Tsnturi. 


flka  tospsffatars  T  and  praosora  Pt  takaa  sit  tbs  inlat  of  tba 
asod  to  aorrast  tba  rotaaator  raidings  in  this  toot- 
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Tha  flow  paraaatar  f#1  w*  used  in  this  taat  a*  In  Aafaranoa  1. 

Tha  data  uasd  for  Figura  2  is  tha  arasraf •  of  data  oollactad  at  tha 
various  altituda  raadincs  of  aaoh  of  tha  alavan  prassure  ratios  usfd 
In  tha  taat. 

Tha  ourva  darlvad  frm  tha  data  aollaotad  la  aaa  ant  tally  tha  aaaa 
as  tha  on*  in  Rafaranoa  1. 
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It  Is  concluded  ii  a  result  of  this  twt  that  the  data  collected  makes 
a  curve  which  la  suitable  for  uce  in  datemining  the  air  flow  perform¬ 
ance  of  the  HB-47 T.  none  window  exterior  defrost  system  during  flight 
teat  V7T  709,  (Reference  3)  •  The  theoretioal  flow  through  a  venturi 
when  plotted  forms  a  parabolic  cures  like  the  one  show  by  figure  2, 
oonfiming  the  validity  of  the  data. 
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